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EFFECTS OF DIETARY CRUDE PROTEIN AND FIBER ON THE DIGESTIB ILITY 
OF DIETS FOR THE YOUNG WEANED P IG 
ABSTRACT 
BARTON S .  BOBG 
Three experiments were conduct ed using a total of 3 0  young 
weaned p igs , surgical ly f it ted with s imple T-cannula at the terminal 
ileum ,  to evaluate the effect s of  dietary crude protein ( CP )  and f iber 
on the ileal and fecal d igest ibil ities of various die tary fr�ct ions . 
Pigs (avg wt , 7 . 9 kg) were rotated through a serie s  of diets in 
cros sover des igns . 
Experiment 1 addres sed the effect of ·1 2 . 2 ,  1 7 . 2  and 20 . 8% 
dietary CP on ileal and fecal digest ibil ities of dietary dry matter 
(DM), nitrogen , amino acids , neutral detergent f iber ( NDF) , acid 
detergent f iber ,  crude f iber ,  cel lulose , hemicel lulose l ignin and ash . 
With increas ing dietary CP ileal and fecal DM digestib il ity decreased 
(P< . 03 )  while nitrogen, amino ac id ,  NDF , acid detergent fiber ,  crude 
fiber , cellulose , hemice l lulose , lignin and ileat ash digestibil ities 
all  improved ( P < . O S ) . There appe ared to  be a p lateau a t  1 7 . 2% · cp where 
depres s ion in DM d igestibil ities and improvements in nitrogen and amino 
acid digestibil ities were no longer s ignificant ( P < . O S ) . 
In experiment 2 the ef fect s  of dietary f iber on the 
· c , · 
digest ibil ity of various d ie tary _ _  fractions was s tudied . Dietary NDF 
concentrations were 20 . 5 � 2 4 . 5  and 30 . 5% .  Crude protein �as held 
constant at 20 . 8% .  Incr'eased dietary NDF depres sed (P < . 0 5 ) DM 
digest ibil ity and il eal amino acid measures but did not af fe ct (P>. OS)  · 
nitrogen, NDF, hemice l lulo se and ash digestibil ities . Acid detergent 
f iber , cel lul ose- and lignin d igestibil ities improved ( P < . 04) due to  
increas ing dietary NDF. 
In experi�nt 3 ,  a fact or ial arrangement of 2 CP ( 18 . 6 and 
24 .4% )  and 2 NDF ( 1 0 . 8  and 23 . 2% )  concentrations were studied . 
Increas ing d ietary NDF had a negative ef fect ( P < . O S )  on  al l dietary 
component digestibil ities measured except lignin . Die tary NDF depres sed 
(P< .OS)  amino acid d igest ibil ities over the entire d igestive tract but 
depres sed only histidine , lys ine , glycine and serine when measured at 
the ileum .  Crude protein improved ( P < .OS) ileal and fecal nitrogen 
digestib il ity with l it tle af fect on amino acid digestibil ities  • . 
Fecal digest ibil ities of al l dietary fractions meas ured improved 
with time . 
Results s uggest the young weaned p ig is able to  make l imited use 
of f ibrous die ts without greatly af fecting o ther die tary component 
digestib il ities . Also , it may be pos s ible to lower CP content below 
recommended CP concentrations without adversely af fect ing 
digestib il ities . Incr eas ing fecal digestibil ity. coef f ic ients over time 
brings to  que s t ion the time period ( age ) at which it becomes important 
to use cannulated p igs for apparent digestibil ity measur es . 
i 
PUP ACE 
Feed costs represent a subs tantial portion of the co st of swine 
product ion . Espe cial ly co st ly are the die ts fed to  young weaned p igs due 
to supp lementation of various feeds tuf fs use d t o  improve nut rient 
dens ity, digest ibil ity and pa latabil ity . Improvements in feed e f ficiency 
and da ily gain along with the fact that the young p ig is co nsuming a 
rela tively smal l quantity of f�ed helps in making these diets  seem more 
economical ly acceptable . However, these type s of diets  have not by any 
means solved al l the nut r it ional and nutrit iona l ly related managerial 
and health problems as soc iated with the early weaned p ig .  As age at 
weaning continues to decrease,  milk rep lacer type diets , bo th l iquid and 
dry, are being studied as possible improvements in meeting nut r it iona l 
and palatabil ity constraints ( Jones et al . ,  1 97 7) . A continuing problem 
with the young weaned p ig is a lag period fol lowing weaning �uring wh ich 
low feed intake and possible diarrhea oc cur . It is not uncommon for 
newly weaned p igs to lose weight dur ing the f irs t week post-weaning . 
Thus, there remains a nutrit ional , managerial,  env ironmental or health 
problem to be solved . 
Armstrong and Cline ( 1977)  reported an improvement in inc idence 
of diarrhea when young p igs wer.e fed diets with eleva ted d ie tary f iber 
concentration. Also , fo.r years oats were added to the diets ;of young 
pigs and were noted-to both . improve pala tabil ity and improve the common 
"loose stools syndrome" experienced by· the. young weaned p ig. However� to 
date the ext ent of f ibrous diet digestibil ity by the young weaned p ig 
2 
. 3 
Thus , the obj ect ive& of this research were to s tudy the ef fect s 
of various dietary f iber and crude protein contents on the il eal and 
fecal  digest ibil ity of various fract ions of . the young weaned p igs diet . 
4 . 
IEVIEW OF LITDATOU 
Diets for the Youg Weaned Pig 
Research evalua ting die ts for the weaned p ig and espe c ial ly 
the early weaned p ig has increased over the past  few years due to more 
intens ive swine product ion and thus the need for earl ier weaning of 
pigs . Swine producers have for years been hampered by the problem of a 
post-weaning "lag period" characterized by lit tle or no weight ga in and 
frequently accompanied by diarrhea . This "lag per iod" has been 
des cribed by many as a "po st-weaning check period" which las ts from 7 
to 1 4  d depend ing- on managerial and env ironmental factors  ( Leibbrandt 
et al . ,  1 97 5a ; Rivera et al . ,  1 97 8 ;  Leece et  al . ,  1 97 9 ) . 
The trend toward earl ier weaning has increased  the importance 
of reducing str es s on the early weaned p ig caused by low feed 
intake and diarrhea . One method of preventing or reduc ing the ef fect 
of the check period is through nutrit ional means . Jones et a l . ( 1977)  
reported norma l rates of  gain by 3 to  5 week old  p igs when l iquid 
diets were fed on an hourly s chedule whil e Thaler et al . ( 19 85 )  
reported improved performance of -smal l and medium weight ( 10-15 lb ) 
p igs fed high nut r ient . dens ity diets ( 50% miik product s ,  > 20% 
protein, > 1 . 4% lys ine and > 8 .·0% added fa t) . Dietary addit ions . of 
fat ,  flavoring agents and alternative grain _ source s have been 
evaluated in an attempt to def ine the ppt imum die t  for the young 
weaned p ig ( Leibbrandt et.al . ,  1 915c ; ·wahl strom et al . ,  1�7 7 ; ) .  Level 
of die tary protein and fibe r have be en reported to af fect nut rient 
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ut il ization and subsequent growth as wel l  as inc idence · of d iarrhea in 
early weaned p igs (Menge and Frobish , 1 97 6 ; Arms trong and Cl ine , 1 977 ; 
Bourne et al . ,  1 9 86 ) . 
Research to evaluate the spe cif ics of age and its ef fect 
on protein and fiber ( energy ) digestibil ities as wel l as interact ions 
between the d ifferent die tary components in the early weaned p ig is 
very limit ed . Research has been conduct ed pertaining to pro tein and 
energy ut il ization but the important is sue of poss ible interact ions 
between the dietary components of the early weaned p ig have not been 
addres sed .  
Ef ird et al . ( 19 82 )  studied the development of the 
digest ive tract and its funct ion in young p igs and repor t ed a s teady 
improvement in gas tro intes t inal tract digest ive capac ity up t o  2 2  d of 
age with the most dramatic changes oc curring between · 2 to 3 
weeks of age . This certainly suggests  the need for tail or ing d iets , 
espe c ially for early-weaned p igs , to  meet  their nut r it ional needs . 
Leibbrandt et al . ( 197 5a )  reported p igs �eaned a t  2 ,  3 or 4 
weeks of age and fed a 2 0% protein, 15% lard die t  al l expe rienc�d 
a post-weaning check period of es sential ly equa l  severit y ,  
however, perf ormance at  6 weekS of  age ind icated there were no 
differences due to weaning age·. 
The ef fect of altering the ca lorie ::protein . ratio ot" early 
weaned p ig d ie ts is not c lear.  Leibbrandt e t  al . _ (.197 5b ) repor ted 
addit ions of lard t o  a 20 . 6 %  protein_· diet result ed in dep.res sed 
performance of 17 d old pigs during the init ial 2 week period . 
·6-
P igs did not respond to increases in calor ie :protein ratio with respe ct 
to da ily gain and feed convers ion until 4 weeks· of  age . Armstrong and 
Clawson ( 1 9 80 ) reported s imilar results t o  increas ing calor ie :protein 
ratios of an 1 8%
. protein die t  and al so noted no improvement in 
performance of early weaned p igs upon feeding a h igher protein level 
( 20% ) . However , res ults reported by Menge and Frob ish ( 1 97 6)  s uggest -
linear improvements in daily gain of 3 week o ld p igs fed d ie ts rang ing. 
from 1 2  to 24% protein at two calor ie :protein ratios . 
The ef fect of dietary f iber as a die tary energy dil uent is not 
clearly def ined . A rev iew of the limit ed research conduct ed s uggests 
that die tary f iber additions general ly improve nitrogen retention 
while depres s ing energy digest ibil ity value s  ( De Goey and Ewan , 1 97 5 ;  
Corley e t  al . ,  1 97 8 ; Sherry e t  al . ,  1 9 81 ) . Rivera et al . ( 1 97 8) noted 
no differences in p ig ( 6  to 9 kg ) performance dur ing two 2-8 d feeding 
tr ial s or in diet  digest ibil ity when pigs were fed die t s  ranging from 
2.2 to 5 . 1% crude f iber . 
Recent studies  suggest early weaned p igs benef it from nutrient 
dense diets . However , a _rev iew of the prev ious ly _ c ited research and 
consideration of product ion econamics suggests  the need for more 
spe cific information on practical die tary components and their 
interactions . 
•thode Uaed in the Detenai.Dation of Dyeatible llutrienta for Swine 
The abil ity to accurately predict the digest�bil ity of nutrients 
in nine diets is of interest and of special interest is_ the es t imation 
' 
of nutrient d igest ibil ity to the distal end of the smal l intes tine .  
Beyond this point , microbial alteration of undigested ma terial in the 
cecum and large intes tine change the array of und iges ted nutrients so 
that estimation of nut r ient s , of which the pig makes direct use of , 
becomes difficult ( Holmes , 1 974) . 
7 
Many me thods of meas uring nut rient digestibil ity have been 
propo sed and t ested .  For many years apparent fecal digest ibil ities have 
been used to  predict digestibil ity of certain nutr ients and type s of 
diets ( Kuiken and Lyman, 1 948;  Kuiken, 1 952 ; Combs e t  al . ,  1 963 ; Cho and 
Bayley ,  1 970 ; Leibho lz , 1 982 ) . This method has been report ed t o  
overes t imate the actual nut r ients digest ed by the pig because o f  hind­
gut microbial fermentation ( Holmes e t  al . ,  1 974;  Hodgdon e t  al . ,  1 977 ; 
Saue r et al., 1 982b ) and the inabil ity of the cec�co lon t o  abs orb 
amino acids ( Just et al . ,  1 981 ) .  Also , Sal ter and Coates ( 197 1 )  repor ted 
fecal nitrogen excretion to be greater in germ-free chicks than in 
chicks reared in a norma l environment and having a norma l microbial 
population. Cho and Bayley ( 1972 ) reported that 45% and 63% of the 
nitrogen and amino acids , respe ct ively , at the ileum were unrecoverable 
in the feces . The masking ef fect by inherent hind-gut microbes makes 
ileal estimates of nutrient digest ibil ity of real value . 
More recent ly, cannula tion of the smal l intes t ine ( usually at 
the terminal il eum) has been used as a method ·to  predict d igest ibil ity 
of nutr ients that are of use to the pig (Holmes e t  al . ,  1 97 4 ,  Tanks ley 
et al . ,  1 981 ; Taverner and Farrel l ,  1 9 8l a ;  Jorgensen et  al . ,  1 9 84 ; · · 
Walker et al . ,  1 9 86 ) . This. method 
.
al laws removal of digest� from the 
terminal smal l intes t ine for estimation of digest ibil ity before entry 
into the ce cum and large int�s tine .  Just et al . ( 1 9 85 )  reported 
cons iderably higher correlations be tween nitrogen retention and ileal 
nitrogen and amino acid digestibil ity estimates than tho se est imated 
over the entire digestive tract . 
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There is , however , concern that cannulation of the intest ine may 
alter digest ibil ity of nutrients compared to _non-cannulated , intact 
pigs . Lap lace and Borg ida ( 197 6) and Sauer et al . ( 197 9 )  reported 
differences in digestibil ities of certain nutrients when comparing 
cannulated vs intact pigs . There is a possibil ity that cannula des ign 
( re-entrant vs T-cannulae ) may have had an ef fect . Others ( Sauer et 
al . ,  1 97 7b ;  Huisman et  al . ,  1 9 84) have reported no diffe rences be tween 
digestibil it ies of intact and cannulated p igs . 
Two type s of ileal cannulae have been used . Re-entrant cannulae 
( Easter and Tanks l ey ,  1 973 ; Holme s  et  al . ,  1 97 4 ;  Ivan and Farrel l ,  1 97 6) 
al low total digesta co l lect ion but questions have arisen as · to  whe ther 
this type of cannula disturbs normal phys iolqgy of the · gut (Lap lace and 
Borg ida , 1 97 6 ;  Sauer and Ozimek, 1 9 83 ) . Re-entrant cannulae shunt al l 
digesta through a pas sage . to  the exterior of the p ig . To place re­
entrant cannulae the smal l  intest ine must be l igated , thus disturbing 
the myo-electric system of the smal l intes tine . Also , problems.with 
pas sage of digesta , with some types of die ts "(high f iber) , have. l imited 
their use to studies in which total digesta co l lect ion is required . 
The alternative to re-entrant . cannulae and the type of cannula 
in greatest use is the s imple T-cannula ( Sauer and Ozimek , 1 9 86 ) . T­
cannulae are surgical ly f it ted into the des ired position of the 
9 . 
intest ine with minimal disturbance t o  the mus cular or nerv ous system of 
the intes tine . T-cannulae do not al low total co ll'ect ion of digesta so an 
indigest ible marker is used to  estimate diges tibil ity by way of 
nutr ient :marker ratios  in diets and partial ly d iges ted samples . Because 
total co l lect ion of digesta is not as sured with T-cannulae , care must  
be taken to as sure co l lect ion of a representative samp le . Col lection of 
a representative samp le depends on many factors  including cannula 
des ign , diet  compo s ition and co l lect ion procedures . 
Other me thods of estimating nutr ient digest ibil ity exist . 
Wunsche et al . ( 1 9 86 )  ind ica ted a pos itive correlation exists  over 
various diet compos itions be tween il eal and fecal estima tes of nutrient 
digestibil ity . They reported correlations of betWeen . 87 t o  . 93 with the 
highest value s  for cereal grains and-feedstuf fs of animal or igin for 
protein digestibil ity and from . 7 3  to . 9 8  for cereal s and o ther 
feeds tuffs ( oil seed res idue s , feeds of animal or igin , mixed rations plus, 
s ix ind iv idual feeds tuffs ) for lys ine digestibil ity ._ They propos.ed that 
the relationship be tween il eal and fecal digestibil ity is so h igh that 
convers ion from fecal to il eal digest ibil ity can_be made using 
conversion factor s  of . 89 to . 93 -for crude protein and . 92 t o  . 99 for 
lys ine . 
Furuya et al . ( 197 9 )  studied the feas ibil ity · of co l lect ing 
intestinal f luid from pigs f itted with a s imple T�cannula in the uppe r 
j ej unum for use in measur ing digestib_il ities in vitro . They ·reported 
. . . 
high correlations be tween this method and in v ivo technique s . They did , 
however ,  report variation in dry matter and nitrogen digest ibil ities .  
They found in v ivo 
·digestibil ity of dry matter was greater whil e 
nitrogen digestibil ity was les s than in vitro measures . 
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Another method o f  study ing digestion t o  the point of the smal l  
intestine involves surgical attachment of the terminal ileum to  the 
side of the des cending colon ( ileo-rectal shunt ) .  P icard e t  al . ( 19 85 )  
reported am ino acid d igest ibil ities using p igs with the comple ted ilea­
rectal shunt to be in agreement with those of pigs f it ted with re­
entrant cannulae . 
A relatively new advent in digest ibil ity s tudies  is the use of 
the mobile nylon bag ( Lange e t  al . ,  1 9 86 ;  Shipley and Knabe , 1 9 86 ;  Sauer 
et al . ,  1 987 ) . This involves inserting a smal l ny lon bag containing 
approximately 1 g of the feeds tuf f  of interes t into a duodena l cannula . 
The bag , with contents , f irst undergo a pre-digest similar to  cond it ions 
of the stomach . The bag and contents when excreted in the feces  are then 
analyzed t o  determine digestibil ity . To date , only hind-gut ·· or post­
cannula s it e  digestion can be studied due to diff iculty in recovering 
the bag at the termina l  ileum .  Researchers report m inimal_ variation in 
digestibil ities using thi• method as compared t o  conventiona l method� . 
Las t ly ,  serial  slaughter of pigs t o  de termine digestibil ities 
has been use d ( Low ,  1 9 82 ) .  This ·me thod is undes i rable due to  the 
shedding and s loughing of mucosa l  cel ls at slaughter thus altering 
apparent d igestibil ity value s . 
Defillition of Diet&n Piber 
The term "die tary . f iber" is  one that is oft en use9 t o  des cribe a 
relatively ind igestible _portion of dry matter intake . Fiber addit ion to  
1 1  . 
human diets has ga ined popularity in the past few years because of the · 
potential bl ood cho lestero l and atherosclerosis depres s ing role it plays 
(Moor e ,  1 96 7 ) . However, the term dietary f iber has a number of 
. 
def initions and it is important to understand these differences  when 
considering the role dietary f iber plays in both human and animal 
nutrition. 
Van Soest ( 1 9 85 )  s tated that the def init ion of die tary f iber 
wil l vary according to the digestive· ana tomy of the res e ct ive animal 
spe cies . He of fered a def inition of dietary f iber for the monogastric as : 
the polymers of plant origin that are res istant to  their (monogastrics ) 
digestive enzymes . Trowel l et  al . ( 197 6) def ined d ie tary f iber for the 
human as tho se polysa c charides and related subs tance s  that are res istant 
to mammal ian digestive enzymes . This def init ion inc lude s the gums , which 
are hardly f ibrous in a phys ical sense . 
Robertson and Van Soes t ( 1 9 81 )  of fered the fol lowing des cription . 
of the components of dietary f iber : 
1 .  Matter which is available but which es capes d igestion and 
absorption bo th because transit ( or pas sage ) through the gut is rap i� 
-
· and because of s low digestion rates within the lower digestive _ tract . 
Compe tition be tween the rates ·of bact erial fermenta tion and transit wil l 
de termine the amount that escapes to  be excreted in the feces . 
2 .  Unavailable matter which is potential ly fermentable  may be 
lost to the feces because the rate of transit is rap id compared with the ·· 
rates of feDDentation : in . the human this r elationsh ip appe ars t o  be an 
important fact or inf luenc ing the loss of cel lulose and hemice l lulose in 
1 2  
fece s . 
3 .  Matter which is both unavailable and· unfermentable wil l  be 
excreted intact in the feces . Ruminant studies show that unfermentabl e 
cel lulose and hemicel lulose amount to about 2 . 5  t imes the l ignin content 
of the forage . These carbohydrates wil l become ava ilable  to fermentation 
if the l ignin-carbohydrate bond is broken by chemical pr etreabnent of · 
the dietary f ibers . 
4 .  Microbial matter not or iginal ly present in the diet but 
generated through microbial act ion on dietary res idue s and endogenous 
secretions . The bact eria contain a large amount of protein and l ipid 
which may represent the main sources  of the increased  excretion of fecal 
dry matter when f ibrous s ources are fed . About 3 0% of the microbial dry 
matter is compo sed of ce l l  wal l  or capsular matter which is res is tant �o 
digest ion by mammal ian enzymes . 
Regard les s of the def init ion one choose s  it is clear that 
dietary f iber under the former def initions , is a por tion of the d iet  
that is  not readily digested by the animal itse l f. These def initions 
exc lude the extensive digestion of different fra�t ions of dietary f iber 
by the microf lora inherent in the gastrointestinal tract of al l species 
( Cranwel l ,  1 96 8 ;  Hofmann, 1 9 88) . This , of course , is where the 
difference in die tary f iber digestion and util iza tion occurs ( ie 
. .  
mongastric v s  ruminants ) .  Whereas · ruminant animals depend on the ruminal · 
microf lora to  digest  and provide nutrients from an at.:'ray of rela.tiveiy · . 
indigest ible materials the monogastric must rely on enzymati c  secretions 
for dige st ion of dry matter intake . Only in the hind-gut does an 
appreciable amount �f bacterial degrada tion occur in the monogastic  
animal ( Cranwel l ,  1 96 8 ; Mosenth in et  al . ,  1 9 86 ; Stanogias and Pearce , 
1 9 85b ) . Table 1 ( Baker et al . ,  1 97 9 )  prov ides one general 
' 
clas si f ication of die tary f iber components .  
TABLE 1 .  GENERAL CLAS SIFICATIDN OF FOOD FIBER COMPONENTS 
S�urce Component 
Plant Cel l  Wal l 
Structural Polysa c charides 
Non-Carbohydrate 
Polymer 
Plant Non-Structural Substances  
and Food Additives 
Cel lulose 
Bemice l luloses 
Pect ic Subs tance s  
Lignin 
Pect in 
Gums 
Mucilages 
Modified Polysa c charides 
Procedures aDd Proble.a with the Deter.ioation of Dietary Fiber 
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Along with the many different def initions of dietary f iber there 
are also a number of different analytical procedures for de termination 
of dietary f iber fractions . 
Determina tion of a f ibrous fraction in feed samples  dates back 
to 1 806 when the E inhof cel l wal l maceration technique was used (Van 
Soest , 1 9 85 ) . However , the standard of f iber analys is over the last 
century has been crude f iber ,  which because of its estimation of only a 
smal l and variabl e portion of the actual die tary f iber has b�en 
suggested to be _ abandoned (Theander , 1 981 ) . Crude f iber analysis does 
. . . . . 
not al low for the de termination of indiges tible and unavailable res idue s 
including part or al l of the l ignin ; cel lulose and ben ice l lulose 
fract ions ( Robertson and ·' van Soes t , 1 9 81 ) . 
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Van Soest and McQueen ( 197 3)  s tated the defect s of crude f iber 
ana lysis to be an 80% loss of the hemicel lulose fraction, 50 to 90% los s 
of the l ignin and a loss  of approximately 20 to 5 0% of  the cel lulo se . 
A method of
' 
f iber analys is propo sed by Van Soest in the early 
1 960 ' s  is the de tergent analysis of . die tary f iber that is an a t.tempt t o  
fract io�te plant feeds tuffs i n  a manner cons istent with the nutr ient 
availabil ity and f iber content of the feeds tuf f ( Robertson and Van 
Soest , 1 9 81 ) . 
Acid and neutral de tergent f iber analyses are not without fault 
but do estimate a greater por tion of what we def ine as dietary f iber 
than does crude f iber . It also,  as prev iouly stated , s eparates the 
dietary f iber int o relatively digest ible ( NDF) and ind igest ible (ADF) 
fract ions . 
The or igina l ADF and NDF procedures used pr imarily  for forage 
ana lys is for the ruminant specie have been modif ied to include analys is 
for soluble subs tances ( ie pect ins and B-glucans ) that fal l under the 
def inition of dietary f iber for the monogastric animal ( Robertson and 
Van Soest , 1 981 ) . 
A relatively new advent in Ciietary f iber ana lys is is  that of NIR 
or near-infrared-ref lectance ( Baker et al . ,  1 97 9 ) . This method o·f f iber 
ana lys is requires · no ''wet chemis'try" beyond the product ion of a da ta 
base consisting of UV spe ctra and the results of chemical analyses of . 
representative samp l es of various feedstu,ffs . Meas urement of di-etary 
fiber in a sample by NIR i� conduct ed i"n the 1 . 4 t o  2 . 4 um _ spect ra .  This 
procedure promises t o  be a useful l t ool for the future . 
1 5  . 
Dietary Piblr IDd the MOoogastric An�l 
Traditioual ly pigs have been fed diets which co ntain large 
I 
quantities of cereal grains and relatively high-value protein 
supplements . However , because of direct compe tition with man , there may 
be the need in certain situations to f ind alterna tive feeds tuf fs for 
pigs ( Lee and Close , 1 987 ) . The feeding of by-product s and more f ibrous 
material to swine has increased over the past few years and with it has 
come renewed interes t in the nutritional aspe ct s of f iber ut il ization by · 
swine . Lee and Close ( 19 87 )  have recent ly rev iewed the non-nutritive 
aspe ct s of feeding f ibrous die ts including : 
1 .  A larger volume intake increases  gut f il l  and reduced retent ion 
time in the GI tract and may resul t in a more sa tiated , les s exc itable 
animal . Frazer ( 197 5 )  reported addition of straw to the diets of sows 
increased the amount of time the sows spent lying down fol lawing a meal 
which should result in a lower energy expenditur e .  
2 .  Because diets containing f ibrous material have a h igher 
heat incraDent as soc iated . with the extra cost of t.heir digestion and _ 
metabol ism these die t s  are more useful ( energe ti cal ly )  when fed in a 
cold env iroument . Stahly and Cramwel l ( 197 9 )  demonstrated that the 
f ibrous coaponent of the diet was more ef ficient ly ut il ized by co ld­
stres sed pigs than pigs with in their thermal-neutral zone .  
3 .  Feeding f ibrous diets results in larger amount of , feces 
with a higher dry matter content . 
4 .  There have be_en reports  of possible s cour r educing act ivity 
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in weanl ing p igs fed high f iber diets . 
The pos s ible benef it of feed ing h igh f ibe� diets to weanling 
pigs has been studied at  many research s tations ( Smith and Hal ls , 1 96 7 ;  
Armstrong and Cline ,  1 97 6 ;  Rivera e t  al . ,  1 97 8 ; Bal l and Aherne , 1 982 )  
but no concrete conc lus ions have been suggested . Probable r eas ons for 
the scour reducing ac ivity that have been of fered are : 
1 .  Intake of the less  palatable ,  lower nutrient dense d ie t  is . 
less and may not prov ide proper or opt imum cond it ions for pa thogenic 
bact eria prol iferation. 
2 .  More f ibrous diets do not al low the f luid accumulation in 
the intes t ine which occurs with "norma l "  starter diets in a potential 
s cour s itua tion. 
The ef fect of adding a die tary diluent ( ie f iber ,  sand , 
vermiculite , polyethy lene chip s )  is to decrease the density of other 
nutrients in the die t .  For example , in the product ion of a. 44% crude 
protein soybean meal soybean hul ls  are added back t o . a h igher protein 
soybean meal ( 48% ) to  produce a l ower crude protein soybean meal . 
Dietary energy concentration is probably the most . important portion of 
-
the diet that is af fect ed by the inclus ion of a dietary dil�ent in a 
mixed d ie t .  S ince the pig wil l consume feed ( a s summing gut-f il
.
l does 
not become l imit ing ) t o  meet i't s  energy requirement a ·  greater amount of 
high f iber feed is required . t o  ach ieve the . required energy intake 
(Dinusson e t  al . ,  1 96 1 ) . However , f ibrous feeds are mpr e  bulky · arid oft en 
gut-f il l  is a l imit ing fact or . 
Much research has been conducted study ing the ef fect s of f ibrous 
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d iets fed t o  swine for restr icting feed ( energy) intake (Whatley et al . ,  
1 951 ; Crampt on e t  al . ,  1 954;  Bohman e t  al . ,  1 955 ; Merkel et  al . ,  1 95 8b ) . 
More recent research ( Baird e t  al . ,  1 970 ; Baird e t  al . ,  1 97 5 )  s uggests  
that other than the l �itation of gut-fil l  with dietary f iber there are 
no adverse ef fects of f iber on growth and carcas s composition. These  
researchers s tudied the effect s  of  various die tary crude f iber 
concentrations at  various dietary energy concentrations and reported 
dietary energy content was more important than was crude f iber content 
on growing pig perf ormance . Also , swine carcas se s  have been reported to  
be  leaner and more des irable when pigs are fed h igher crude f iber ,  les s 
energy dense diets (Axe l s son and Eriks son, 1 953 ; Merkel e t  al . ,  1 95 8b ;  
Cole e t  al . ,  1 967) . 
Weanl ing pigs fed isocalor ic ,  isonitrogenous die ts  including 
oats ( 10 to  3 0% )  and kaolin ( 1  to 3% ) as the dietary dilue nts  perf ormed 
no differently than pigs fed lower f iber diets ( Rivera e t  al ·. ,  1 97 8) . 
During the 2 8  d trial  d igestibil ities of crude protein,  dry ma tter and 
gro s s  energy were cal culated and reported t o  not differ acros s  dietary 
treatment . Crude f iber ranged froa 2 . 2 to 5 . 1% . H�ever , Drewry ( 19 81 )  
reported p igs weaned a t  6 weeks of age and fed either 3 . 9 or 8 . 8% crude 
f iber die ts differed in average da ily gain dur ing the trial . Pi.gs fed 
low fiber diets gained up to 22% faster than pigs fed the h igh f iber 
diets . Cor ley et  al . ( 197 8)  studied the response of . the weanling pig to · 
supplementation of 2 t o  6% Solita Floc t_o · a com-s oybean meal diet .- Solka · · 
Floc is a pur if ied s ource .of f ibe� co_ritaining approximately 86 .6%  
cel lulose , 7 %  hem ice l lulose and . 4% lignin . Die ts  were made isocaloric 
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with addition o f  corn oil . �erformance seemed t o  improve with addition · 
of Solka Floc t o  the diets but resul ts were confounded. with addition of 
varioue l evel s of corn oil to the diets . Theref ore the ·r esearchers 
. 
hypothes ized that the response was due to corn oil and not Solka Floc . 
In a second tr ial no corn oil was use d .  There was stil l a tendency for 
perf ormance to improve with addition of Solka Floc but improvement s were 
non-significant . Nitrogen retention was improved with addition of 4% 
Solka Floc to the die t .  · 
Finishing p igs fed high f iber die ts tend t o  increase voluntary 
feed intake suf f iciently so as t o  meet daily energy requirements and not 
hinder perf ormance . Cole et al . ( 196 7 )  repor ted f inish ing p igs fed 8 . 9  
or 1 2 . 9% crude f iber diets perf ormed equal ly but that pigs fed the high 
fiber die ts consumed a greater volume of feed . However , d igestibil ities 
of dry matter and nitrogen were depres sed in pigs fed the high f iber 
diets . Owen and Ridgman ( 1 96 8)  added saw dust to  a pel leted � high 
energy die t and monit or ed performance during three stages of the growing 
and f iniahing period . They reported that during the early stage 2 9 . 5  to 
59 kg piga fed the high crude f iber diet ( 1 2 .3 % )  were not able to 
conaume enough feed t o  meet daily energy requirements and thus � ig 
performance suf fered . However , dur ing the f ina l  two s tages 5 9  to 8 8 . 5  kg 
and 88 . 5  to 1 1 8  kg p igs were able to adapt to the les s energy dense diet 
and conauae enough feed to meet daily requirements • . Average 
. 
daily gain 
i.proved with increased daily feed intake so that no diffe rences were 
noted in daily gain o ther than dur ing "the early stage . 
The que stion of whether pigs adapt to  higher f iber die ts with 
1 9. 
time ,  body weight e tc .  is unanBWered . Partridge e t  al . ( 19 82 )  reported 
digest ibil ity of cel lulose did not improve with increas ing age or live 
weight even when dietary energy , exc luding that of cel lulose , was wel l 
. 
below that required for maximal performance . S imil arly , Cunningham et 
al . ( 196 2 )  reported Solka Floc digestibil ity to  be more inf lue nced by 
level of feeding than by age of the pig . However , Gargal lo and Z immerman 
( 1 9 8l a )  and Den Hartog e t  al . ( 1 9 86 )  reported improvements in cel lulose 
digestibil ity with increas ing age . Improvements in f ibrous material 
digest ibil ity with age would seem sensible for the fact that the 
gastrointes tinal microf lora , which is responsible for die tary f iber 
digestion, becomes more established as the pig grows older and is 
exposed to various microbial populations ( Larson and Hil l ,  1 95 5 ) . 
Bffecta of Dietary Fiber on Butrieut Diaeatibilitiea 
It is wel l documented that dietary f iber af fect s diges t ibil ities 
of various nutrients in growing-f inish ing swine ( Lloyd and · crampton, 
1 955 ; Likuski et al . ,  1 96 1 ;  Keys et al . ,  1 970 ; Sauer . et al . · , 1 9 80 ; Just , 
1 9 82 ;  Fernandez and Jorgensen,  1 9 86 ) . Not only is the af te ct on 
digestibil ity due to  dietary f iber content but �re important ly to 
source of the die tary f iber . 
Dinus son e t  al . ( 1 96 1 )  · fed f inishing p igs a basa l  diet  
containing oat hul ls to  increase die tary crude f iber ·to 1 6% and reported 
. .  
no depres sion in daily gain while ef ficiency of feed uti l ization was 
depres se d .  Kornegay ( 197 8) fed s oybean . hul ls t o  5 2  kg p igs and reported 
depression of average daily gain·
. 
and an
. 
increased feed intake at a 1 2% 
addition of soybean hul ls . Feed/gain was s imilar t o  a l evel of 6% 
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soybean hul l  inclus ion then increased with increas ing s oybean hul l 
addition. Acid de tergent f iber , lignin and crude f iber digestibil ities 
increased with greater quantities of hul ls in the diet · indica ting s ome 
. 
use of the soybean hul ls . Gargal lo and Z immerman ( 1 9 81 b )  reported 
es sential ly no fermentation of sunf lower hul ls  in the hind-gut of 
finishing pigs . 
S imil ar to the ef fects of adding feeds tuf f hul ls  to  the diet on . 
nutrient digestibil ity measures is the addition of whole  seeds t o  the 
diet ( Hochs tetler et al . ,  1 9 5 9 ;  Taverner and Farrel l ,  1 9 81b ; S tanogias 
and Pearce , 1 985b ) . Inc lus ion of pur if ied forms of f iber to the diet 
have given indications as to  why different f iber type s and s ources 
af fect digestibil ity and performance different ly ( Forbes and Hamil t on, 
1 952 ; Murray et al . ,  1 97 7 ;  Mitaru et al . ,  1 9 84) . S tanogias and Pearce , 
( 1 9 85a ) s uggested the fol lowing reas ons for depres sed digest ibil ities by 
various f iber sources and the variation noted be tween them : 
1 .  Different ef fects on rate of pas sage throug.h the 
gastrointestinal tract . 
2 .  Increased excretion of metabo lic and/or .microbial nitrogen, 
3 .  Low availabil ity of nitrogen and other nut r ients in dif ferent 
types of f iber . 
4 .  Increase d  excretion· of nitrogen or . other nutrients due to 
lignif ica tion or entrapment in the bulk of the bolus of the f ibrous 
digesta . 
Dietary f iber concentration, whether it is  measur ed as crude 
f iber , neutral de tergent . f iber , acid detergent f iber ,  lignin , pur if ied 
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cel lulose or relatively soluble die tary f iber such as pect in af fect s the 
digest ibil ity and retention of various nutrients . ·crude protein and 
amino acid digestibil ities are usual ly depres sed when f inish ing pigs are . 
. 
fed high f iber , low energy diets ( Lloyd and Crampt on, 1 95 5 ; Whit ing and 
Bezeau, 1 957 a ;  Likuski et  al . ,  1 96 1 ;  Keys e t  al . ,  1 97 0 ; Sauer et  al . ,  
1 980 ; Just , 1 9 82 ) . Lloyd and Crampt on ( 19 5 5 )  . reported d ie tary crude 
f iber to  have three time s  the ef fect on crude protein digestibil ity as 
that of die tary crude protein it se l f  whil e Key et al . ( 1 970 ) reported 
inverse relationships be tween dietary crude f iber conce ntration and 
crude protein digestibil ities . Likuski e t  al . ( 196 1 )  added vermiculite 
to weanl ing p ig diets as an energy diluent and reported s imil ar ef fect s 
on crude protein digestibil ity indicating that pos s ibly dietary energy 
and not level of f iber invokes the adverse ef fect on crude pro tein 
digestibil ity . The digestibil ities of crude protein, lip ids � crude 
fiber , nitrogen free extract and gro s s  energy were nega tively inf luenced 
in pigs weighing 25 , 50 and 80 kg and fed diets conta_ining up t o  1 4 .6%  
crude f iber . Amino acid digestibil ities were depr es sed both at the 
te�iDal ileum and over the entire digestive trac� ( Sauer e t  al . ,  1 9 80 ) 
as crude f iber was increased in f inishing p ig d ie t s  while nitrogen 
digestibil ity decreased with the addition of pe ct in and cel lulose to the 
diet of f inishing p igs (Monsenth in e t  al . ,  1 9 86 ) . 
Cc • Probl??s with Diaeatibility Btudiea Uajpr Pibroaa Diet• 
An iDherent problem with digestibil ity studies whil e feeding 
f ibrous diets  is that of �gative
.
digestibil ity value s  ( Southgate and 
Durnin, 1 970 ; Keys and DeBarthe , 1 97 4 ;  Hel ler e t  al . ,  1 9 80 ; Kas s et al . ,  
1 980 ; Kel say et al . ,  1 9 81 ;  S lav in e t al . , 1 9 81 ;  Just et  al . ,  1 9 83 ; 
S lav in et al . ,  1 9 83 ; Grabm et al . ,  1 9 86) . Digestibil ity of a die t or 
nutrient infers disappe arance of that nutrient along the digestive 
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tract . A negative diges tibil ity , for whatever r eas on, suggest s synthesis 
of the nutr ient or compound in que stion af ter ingestion of the feeds tuf f 
and pr ior to the point of co l lection. Many suggestions have been of fered 
as to why nega tive digestibil ity estimates occur . There is the 
pos sibil ity of chemical analyses errors . Estimation of a greater amount 
of compound in a partial ly digested sample wil l decrease the 
digestibil ity es t imate of that compound . A number of suggested problems 
with analyses of neutral de tergent f iber ( Robertson and Van Soest , 1 981 )  
and l ignin (Marl e tt and Johnson, 1 9 85 )  have been impl icated in prov iding 
the researcher erroneous results . Also ,  the indiges t ible marker use d  t o  
estimate digestibil ity may b e  a problem. Fibrous die ts and the digesta 
from ingestion of them has been reported t.o move in two separate phases 
( ie l iquid and solid ) . The pos s ib il ity exists that th� marker , mov ing 
with the l iquid phase , separates from the f ibrous ma terial moving in the 
sol id phaae so that diges t.a col lection espe cial ly cranial to the cecum 
wil l not provide a representative sample of both marker and f iber (Kas s 
et al . ,  1 980 ; Just et  al . ,  1 9 83 ) � Another theory for negative 
digestibil ity est imates over the enti re digestive tract · is  the addit ion 
of microbial ma tter and endogenous secretions inher�nt in the .sample 
col lect ed ( Grahm e t  al . ,  1 9 86 ) . These a® . other problellls are being 
addres sed but at  the prese.nt time do cause one to  conside r. resul ts 
carefully bef ore interpretation. 
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Crude ProteiD aDd Awjao Acids 
Swine require diets that provide a balanced concentration of al l 
nutrients . includiug crude protein/amino acids . However , p igs do not have 
I 
digest ible protein requirements as such, but do require certain amounts 
of digest ible amino acids . It is important in the formulation of swine 
diets that digestible amino acid supply not only meet the p igs 
requirement but al s o  not exce ed the requirement so as to h inder 
performance and carca s s · qual ity ( Just , 1 97 9) . For this and feed 
ingred ient cost  reasons it would be benef icial to  formulate diets on a 
digest ible amino acid bas is  rather than a t otal dietary am ino acid 
bas is . 
Tanks ley and Knabe ( 1 9 84) s uggest ed the pos s ible improvement in 
diet  formulation precis ion due to use of digestible amino acids would be 
much more evident using "al ternate protein s ources "  s uch as meat and 
bone meal , sunf lower meal , cotton seed meal and peanut meal • . Because 
amino acid requirements have for the most pa rt been evalua ted using 
corn-soybean meal die ts these diets already compensa te for . digestible 
amino ac ids and fur ther improvement in performance .due to the use of 
digestible amino acids is not likely . However , ful l . 9r partial 
supplementation of crude protein/amino acids to  a die t by an al ternate 
protein source could be as sis t ed by using preV ious ly determined 
dige;stible amino acid aeasures . 
to  meet daily requirements .  U�ing this · 
method , diets can be f ine tuned to  mee t  . limiting am ino acid req·uirements · · 
or to  al low suppl ementatioll of synthetic amino ac ids to  mee t  
requirements .  
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Knabe and Tanks ley ( 19 85 )  adjusted diets for growing p igs 
containing either f ish meal , peanut meal , cottonse ed meal or meat and 
bone meal to make them equal in digestible lysine content as the corn-
soybean meal control and reported improved performance of pigs fed die ts 
formulated on a digest ible ly sine bas is . Formula tion of die ts  on a 
digest ible amino acid bas is can be achieved by either increas ing the 
crude protein content or by adding individual amino ac ids ( synthetic )  to  
the die t .  
Deter.iaation of Apparent ProteiD/� Acid Diaestibility at the 
Teraiaal Ileaa aDd ia the Feces 
Protein hydrolyzation, digestion and ul timate abs orption oc cur 
primarily in the stomach and small intestine of swine . Twombly ( 1 96 1 )  
stated that amino acid digestion and abs orpt ion i s  complete by the end 
of the smal l  int es t ine .  Cho and Bayley ( 1972 )  and Low ( 197 9)  repor ted 
loss of amino acids as digesta progres se d along the digest1ve tract . Cho 
and Bay ley ( 1 972 ) fed semi-pur if ied die ts to  60 kg p igs , sa'cr if iced them 
and sampled digesta from various points along the intes t inal tract . 
Results of digesta analyse s suggested a $teady los s  of am ino acids along 
the digest ive tract . Low . ( 197 9)  f it ted 30  kg p igs _ with duodena l ,  j ej�nal 
or ileal re-entrant cannulae and reported a steady los s  of amino acids 
as digesta transversed the smal l  intestine . 
Further digestion of p'rotein/amino acids occurs in the ·hind-gut 
but is of l it tle if any value _ to the pig (Just e t  al . ,  1 9 81 ;  ·Misir  and · 
Saue r ,  1 982 ) . Therefore ,  digestibil ity of protein and am ino a'cids , of 
which the pig benef its , should be meas ured a t . the end of .the smal l 
intes tine .  Much research has been conduct ed s tudying the differences 
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be tween fecal and ileal digestibil ities  and support for digest ibil ity 
measures at the ter,minal ileum continue to grow ( Holme s  e t  al . ,  1 974;  
Taverner aDd Farrel l ,  1 9 81 a ;  Low, 1 9 82 ;  Sauer et al . ,  l 9 82b ;  Rudo lph et  
. 
al . ,  1 9 83 ; Just et al . ,  1 9 85 ;  Maughan and Smith , 1 9 86 ) .  
Many fact ors can potential ly af fect the apparent digest ibil ity 
of protein/amino acids when measur ed over the . entire digestive tract . 
Armstrong and Mitchel l ( 19 5 5 )  r epor ted a l inear increase in fecal 
nitrogen excretion with· increas ing dietary crude protein above 8 . 7 % .  
They al so sugges t ed that body weight , die tary mineral s and crude f iber 
content , eape cial ly when intestinal motil ity is af fect ed , may inf luence 
fecal nitrogen output . 
The type and amount of dietary energy reaching the hind-gut also 
af fects apparent nitrogen digestibil ity when measured in the fece s . 
Mis ir and Sauer ( 1 9 82 )  infuse d water or starch into the ce cUm of 
fistulated pigs and repor ted fecal nitrogen to increase when· starch was 
infused .  Although apparent nitrogen digestibil ity dec�eas e d  with starch 
infus ion ur inary nitrogen decreased with no net change in nitrogen 
excretion. They suggest ed .that increas in& the fermentable carbohydrate 
available to the hind-gut microf lora al lows greater synthes is  of 
bact erial protein from ammonia derived from the breakdown of crude 
protein of bo th dietary and endogenous origin. Thus , nitrogen exc retion 
. .  
in the fecea is greater because les s  ammonia is abs orbed through the 
wal l  of the hind-gut and les s  nitrogenous compounds ar.a excr eted in the 
urine .  Moaenth in et al . ( 1.986) repor ted a s imilar ef fect due to 
cel lulose and pect in addition to swine diets . These relatively 
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indigestible compounds al so al low significant microbial fe�entation. 
Salter ( 1 97 3)  reported smal l  intestinal digestion of 
protein/amino acids to  be similar in conventional and germ-free pigs but . 
added that h ind-gut digestibil ity differed greatly . Total nitrogen 
excretion was s imilar in both conventional and germ-free pigs but the 
increase·d fecal excretion of nitrogen in germ�free p igs was of fse t by 
decreased ur inary nitrogen excretion. 
Consideration of the gut microflora and it s af fe ct on appa rent 
protein/amino acid digest ibil ity is an important one . The gut microf lora 
is establ ished relatively early in the pigs l ife . Etheridge e t  al . 
( 1 9 84) reported gut microf lora of pigs at 2 1  d of age did not change as 
they grew olde r other than smal l  increases in numbers of molds and 
yeas t s . Low ( 1 9 82 ) e s t imated that only 1 0% of the nitrogen found in 
feces is of dieta� or igin. This certainly suggest s  the need for 
identif ica tion of protein/amino ac ids of dietary or igin, microbial 
origin, etc . or de terminati on of digestibil ity pr ior to the large 
intes tine . 
Comparison of ileal verses fecal protein/�ino acid 
digest ibil ities usua l ly results in - s�gnificant diffe rences  be tween 
digestibil ity at the terminal ileum or overal l ( Holme s  e t  al . ,  1 97 4 ;  
Sauer et al . ,  1 9 82 ) . Correlation be tween ileal" and f eca-l amino acid 
digest ibil ities were report ed to be good (Taverner and Farrel l ,  1 9 81 a ) 
with fecal measures being approximately _ 4 .2% greater than ileal 
measures . The researchers �eported , however, that the difference in 
digestibil ity between the two methods increased as the digestibil ity of 
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the grain decreased .  Also ,  LOw ( 19 82 )  reported the difference be tween 
ileal and fecal meas ures of amino acid digestibil ity decreas e s  with 
increas ing die t  digest ibil ity . These difference s are l ikely due to the 
abil ity of the hind-gut microbes to f lour ish on undige s t ed nutrients of 
dietary or igin, thus improving apparent digestibil ity of r elatively 
und igest ible diets . Just et  al . ( 19 85 )  correl•ted am ino acid digestibil ities 
with protein depo sition and found much higher correlations be tween ileal. 
amino acid digestibil ity measures and protein depos ition than that of 
fecal measures . 
For the above r easons it appears the method of choice to  study 
protein/amino acid digestibil ity is t o  study that digest ion up to  the 
terminal ileum. 
Pactor• Affectipg Apparent Crade Proteip/Awi•o Acid Digestibilities 
Many factor s , some control lable others uncontrol lable , af fect 
the apparent digest ibil ity of crude protein ( nitrogen) and amino acids . 
Prev ious discuss ion has concerned ef fects of fact ors p�s t  the ileum. 
Comments in  this se ction deal strict ly with nitrogen/amino acid 
digestibil ity up to  the point of the terminal il eum. 
Die t  composition obvious ly �af fect s nitrogen/amino acid 
digestibil ity . Inclus ion of f ibrous material s in the diet of pigs 
usual ly decrease s  the digestibilities of nitrogenous compounds . Addit ion 
of f ibrous material either by purified source ( ie ce l lulo se , 
·
pe ct in) 
(Moae nthin et al . ,  1 986 ) or natural ly f ibrous feeds tuf f.• ( Just 'et  al . ,  
1 985 ;  Den Hartog et  al . ,  1 �88) was ·reported t o  depres s apparent nitrogen 
and amino acid digestibil ities . Pect ins may form gel s  in the gut thereby 
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obstruct ing am ino acid digestibil ity ( Saue r and Oz imek,  1 9 86 ) . Other · 
dietary fact or s  such as tannin content wil l also negatively inf luence 
digestibil ities ( Just , 1 97 9 ; Cous ins et  al . ,  1 981 ; Saue r and Ozimek, 
1 9 86 ) . Tannins may bind t o  protein/amino acids forming complexes 
res istant to  proteolytic enzymes . Crude f iber ,  depe nding on its degree 
of l ignif ica tion, has been suggest ed to  have. the abil ity to  ads orb amino 
acids and smal l pept ide&  preventing abs orpt ion by the intes tine . Als o ,  . 
there is a pos sibil ity that the digestive enzymes tryp s in and 
chymotrypsin are bound by crude f iber rendering them use les s for protein 
digestion ( Sauer and Ozimek, 1 9 86 ) . Dietary protein content has be en 
i.plicated as a fact or in nitrogen/amino acid digest ibil ities . Just 
( 1 97 9)  and Sauer et al . ( 19 80 ) reported improvements in digestibil ity of 
nitrogen/amino ac ids as dietary protein increases but added that this 
effect is probably different due to endogenous nitrogen losse s  a t  
various dietary protein levels . 
Antibiotic inclus ion has been reported t o  incr ease amino acid 
digestibil ity measured at the ter.minal ileum. No exp lana tion was 
suggest ed for this ef fect but it does suggest a contr ibut ory ef fect of 
antibiotics on diges tion and abs orption of amino acids r egardl�s s of 
adcrobial population control ( Just , 1 97 9 ) . 
Varia tion in nitrogen/amino acid digest ibil ity due to type of 
grain ( Taverner and Farrel l ,  1 98l a )  or protein �up�lement ( Low ,  1 9 82 ; 
Sauer et al . ,  1 9 82 ; J orgensen e t  al . ,  1 9 84) has been �eported � Many of 
the fact ors e f fect ing smi�o acid d igestibil ity mentioned prev ious ly 
could be the reas on for _variation ( ie crude f iber ,  lignin , pect ins , 
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tannins ) .  
Grain varie ty , ferti l iz er applica tion and euv iroumental growing 
conditions also af fect am ino acid composition and dige s tibil ity by 
I 
altering amounts and ratios  of the four maj or seed proteins ( albumins , 
globulins , prolamins and glutelins ) ( Sauer and Oz imek, 1 9 86 ) . 
Other fact ors al tering amino acid digest ibil ity in cereal grains 
include grain am ino acid concentration. A large portion of the variation 
in amino acid digest ibil ity of cereal grains is due t o  their  relatively 
low concentration of amino acids . ,  Because of this , very s l ight 
alteration in endogenous amino acid secretions wil l largely inf luence 
apparent amino acid d ige s tibil ities ( Sauer and Oz imek, 1 9 86 ) . For this 
reason, amino acid digestibil ities of proteinaceous feeds tuf fs are much 
less variable and more repeatabl e .  Physical charact eristi cs of cereal 
grains ( content of hemicel lulose , neutral detergent f iber ,  acid 
detergent f iber and nitrogen as  wel l  as bulk density ) were report ed to  
inf luence and be correlated with amino acid digestibil ity ( Taverner and 
Farrel l ,  1 9 81 b ) .  A problem in e st imating d igestibil ity of nitrogen/amino 
acids is how to deal with �trogen and amino acids .from endogenous 
secretions and cel l  s l oughing . Diet composit ion wil l af fe ct bo th of 
these fact ors . Die tary crude f iber content has been report ed t o  increase 
the secretion of mucin prot ein thus al tering apparent diges tibil ity 
values (Taverner et a l . ,  1 9 81 ) .  Crude protein also may inf luence 
endogenous enzyme secretions ( Low ,  1 97 9 ) . A new me thod of studying · 
endogenous nitrogen/ .. ino •cid contribUt ion to  co l lect ed samples is 
through the use of stable isotope s that al low dif ferentiation be tween 
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undigested dietary and endogenous protein ( Lange e t  al . ,  1 9 87 ) .  The type 
of cannula used t o  make digesta co l lections has al s o  been suggested to  
alter digestibil ity estimates . Low ( 1 982 ) stated that re-entrant 
I 
cannulae not only disturb the normal funct ion of the smal l  intestine but 
al so may enhance microbial activ ity . This ef fect would pres umably be 
more of a fact or in the hind-gut . T-cannulae, . al though creating les s gut 
dis turbance , dict ate the use of indigestible markers t o  estimate 
digestibil ity thus creating another point of possible e rror or variance . 
Final ly , - level of feed intake has been suggested t o  al ter nitrogen/amino 
acid digestibil ity . However , Jorgensen et al . ( 19 81 )  fed 60 kg pigs 
either . 84 or 1 .6 8 . kg of diet/d and reported no differences in the 
nitrogen/amino acid digest ibil ity . Al so,  Haydon e t  al . ( l 9 84) fed p igs ad 
lib ,  3% or 4 . 5% of body weight and reported no s ignif icant 
nitrogen/amino acid digest ibil ity dif ferences but did note that 
digestibil ities t ended to decrease as feed intake decreas e d .  
Awjno Acid Diaeatibilitiea of Various Feedataffa 
During the past decade a number of research groups have studied 
amino acid diges tibil ities. at the
. terminal ileum in many dif ferent 
cereal grains and protein supplements .  The diffe rences noted in . am ino 
acid digestibil ities between the various feedstuf fs are mainly due to 
the difference be tween the feeds tuf fs in the many fact or s  inf luencing 
amino acid digestibil ity as prev iously mentioned . Due t o  the number of 
feedstuffs and amino acids within each . feedstuf f studied individual
. 
reports wil l not be discus$e d .  However , table 2 
for feeds tuf fs of interes t .  
provide s - references  
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TABLE 2 .  REFEREN CES FOR REPORTS OF AMINO ACID DIGESTIB ILITIES 
Ref erence Fe eds tuf f 
Saue r e t  al . ,  1 97 4  (Appa rent ) 
Saue r et al . ,  1 97 7 a  (True & appa rent ) 
Sauer e t  al . ,  1 97 7b (Appa rent ) 
Jorgenson e t  al . ,  1 9 84 (Appa rent ) 
Knabe e t  al . ,  1 9 85a (Appa rent ) 
Adeola e t  al . ,  1 9 86 (Apparent ) 
Knabe e t  al . ,  1 986a (Apparent ) 
Knabe e t  al . ,  1 9 86b (Appa rent ) 
Kna be e t  al . ,  1 9 86 c  (Apparent ) 
Knabe e t  al . ,  1 9 86g (Appa rent ) 
LaRue e t  al . ,  1 9 87 (Appa rent ) 
Imbeah et al . ,  1 9 88 (Apparent ) 
b Nitrogen and lys ine . Only trypt ophan repQr t ed . 
Barl ey , Wheat ,  Tr it i ca l e ,  Soybe an . 
meal 
Wheat , Whea t  f lour , Wheat of fal 
Corn , Wheat and B arl ey 
Soybean meal , F ish meal , Sunf lower 
meal and Me at and Bone meal 
Soybean meal , Me at and Bone mea!' , 
Poul try by-produ ct , Fish meal , 
Peanut meal , Sunf lowe r  meal , 
Cott onse ed me al , Corn g l ut en 
feed and Extrude d  s oybe ans 
Trit ica l e  
Wheat middl ings and Brewers dr ied 
grains 
Ring-dr ied b l o od  meal and 
Hydroly zed feather meal 
6 meat and bone meal s 
Corn glut en f e ed 
Soybean meai , F ish meal , Meat bo ne 
meal , Blood meal , Feather meal , 
Peanut meal , Sunf lower meal , 
Co ttonse e d  meal , Extrude d  
s oybe ans , Poul try�by-product , 
Cano la meal , Corn g lut en meal , 
Corn glut en feed , Brewers dr ied 
grains and whea t  middl ings 
Barl ey-s oybean meal or Canola 
s oybean meal d ie ts 
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Weaning p igs a t  earl ier ages due to mor e int ens ive swine 
production pract i ces has increas ed the need for know ledge of nutr ient 
requirement s as wel l  as type s of die ts that wil l comp l ime nt the 
phy s iolog ical s ta tus of the young p ig .  Recent ly , h igh nutr ient dense 
diets hav e be en proposed for the young weaned p ig ( Thal er et al . ,  1 9 85 )  
but these die ts are expens ive and require exc e l lent management t o  make 
them economical . Milk product·s ( ie dr ied whey and dr ied skim milk) have 
be en shown t o  be very diges tible and pa la table ingredients for use in 
weanl ing p ig die t s . ( Walker et al . , 1 9 86a ) . Howeve r , prev ious rese arch 
concerning the young p ig ,  has not addr es sed po s s ible interact ions of 
various die tary components ( ie f ibe r and protein) . 
· A�st roug and C l ine ( 1 9 7 7 )  s tudied the ef fect of incr eas e d  
dietary f iber content o n  inc idence and a everity o f  d iarrhea and 
reported an improvement when die tary f iber leve l s  were increas e d .  
Research with aor e -ture swine bas shown that a por t ion o f  the 
metabo lizable ene rgy requirement can be sa ti sf ied by bact erial 
fermentation of die tary f iber in the large intes t ine and r esul ting 
volatile fa tty ac id product ion ( Rerat et al . ,  1 9 87 ) . However it . i s not 
known what ab il ity the young p ig has to ut il ize die tary f ibe r .  
D ie tary protein i a  an expensive portion o f  the young · p' igs die t .  
Wahl str0111 e t  al . ( 1986)  r eported p igs fed 12 , 1 5 ,  1 8  or 2 1% crude · 
protein corn-sunf lower aeal die t s  did not diffe r  with r es pe ct t o  p ig 
perf ormance when l imit ing amino a c ids were supp l emented t o  the low 
pro tein diet s . Arms trong and C lawson ( 1 9 80 )  repor t ed no improvement in 
pe rformance of e arly weaned p igs when die tary pro tein wa s increas ed 
from 18 to 2 0% .  Thus , it would appe ar that the young p ig can make 
excel lent use of l�er protein die ts . 
With th e incr eas ing u se of dige s t ible and ava il able am ino acid 
va lue s  for ce rtain feeds tuf fs t o  formula te swine die ts it is of 
interes t to study the ef fe ct o f  pro tein level and f ibe r level on amino 
acid d ige s t ibil ity . 
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A common me thod of s tudy ing amino acid digest ibil ity f or p igs 
bas been the feca l  index me thod (Ku iken and Lyman , 1 948) . Th is me thod 
measures the amount of am ino acids abs orbed from the time of inges t ion 
to the vo iding of feces but do es not cons ider the mod ify ing act ion of 
the h indgut micro f lora on amino ac ids . More recent stud ies ( Holme s e t  
al . ,  1 97 4 ;  Ivan and Farrel l ,  1 97 6 ;  Saue r e t  al . ,  1 97 7 a ; Jorgense n e t  
al . ,  1 9 84 ;  Tanskl ey and Knabe , 1 9 84 )  have shown d i f ferenc e s  in am ino 
acid avail abil ities de termined in feces as oppo se d t o  il e al d ige s t a  
measurement . Also , Hodgdon e t  al . ( 1 9 7 7 )  and Jus t e t  al . ( 1 9 81 )  h av e  
shown that protein o r  am ino acids abs orbed b y  the h indgut prov ide 
es sentia l ly no value to the p ig be cause they are abs orbed as ammonia or 
amines and excreted in the ur ine . · 
With po s s ib l e  benef i c ial · as pe ct s  of feed ing e l eva t ed d ie tary 
f iber · and lower pro tein die ts it is important to s tudy the ef fe ct s of 
each of these die tary component s al one and in comb ina tion. Th is , · 
research was conduct ed t o  s�udy the : ef fe ct s of die tary f ibe� and crude 
protein on the dige s t ib'il ity of dry ma t ter , nit rogen, neutral de tergent 
f iber ,  acid d e tergent f iber , crude f iber , ce l lul ose , hemice l lulose , 
lignin, ash and am ino acids at bo th the termina l  il eum and over the 
ent ire dige s t iv e  tract . Also , expe riment 3 was de s i gned t o  study 
interact ions of die tary f iber and crude protein content on the 
diges tibil ity of the various die tary components . 
34 
35 
For each of the three expe riments pigs were surg ical ly f it ted 
with a s imp le T-cannula at the te�ina l  il eum approxima tely 5 em cranial 
to the il e o-cecal j unc t ion. Standard aseptic surg ica l proc edur es were 
fol lowed . A 24 h pe riod of no feed or wa ter pr eceded s urgery . P igs were 
p laced under gene ral anes thes ia us ing a mixture of oxygen , nit rous ox ide 
and halo thane . The left s ide of the pigs , caudal to the las t r ib and in 
the dor sa l f lank region, was shav ed us ing an elect r ic c l ippe r  and 
s crubbed thoroughly with iod ine s olut ion to c lean and d i s infe ct the area 
surround ing the inc is ion s it e .  An inc is ion approxima t e ly 7 . 5 em in 
length was made paral lel . and caudal to the last r ib al lowing enough room 
be tween the inc i s ion and las t r ib for cannula placement and comfortable 
p ig movement . Fol lowing loca t ion of the il eo-ce ca l j unc t ion,  an inc is ion 
approximately 2 . 5 ca in length was made in the te�ina l  il eum beg inning 
approxima tely 5 em cranial t o  the il eo-ce cal j unct ion and the bas e  of 
the cannula was inserted . The cannula bas e  was se cur ed with in the 
intes t ine by c los ure of the caudal end of the inc.is ion �s ing a 
continuous s t i t ch pa t t ern with 2-metric po lyglyco l i c· a c id s uture1 • A 
purse-str ing s uture ( 2-metric abs orbable1 ) was then placed a round the 
base of the barre l of the cannula .to fur ther secure the cannu la base 
with in the te�ioa l  il eum . A f istula midway be tween the inc is ion s i t e  
and the las t r ib vas created us ing a 9 5  mm diame ter troca r .  The f is tula 
was enlarged t o  approxi- tely 1 . 6 em us ing forcep s and f inger 
manipulation. The cannula was then pul led through the f is tu la t aking 
1 .  Dexon "S " ,  Hav er-Lockhart Laborator ies , Shawnee Mis s fon,  KS . 
care to as sure that no blockage or twist ing of the intes t ine oc cur red . 
To facil itate diges t a  samp l ing the intes t ine was a rranged and cannula 
placed in the f is tula so ileal d iges ta was for ced to f low in a dorsal 
direct ion. Thus , whil e the pig was s tand ing , grav ity wou ld as s is t  in 
obt aining diges ta samp l es . Cannulae we re secured t o  the skin u s ing 3-
me tr ic coa ted po lyamid s uture2 pr ev iou s ly thre·aded through the bas e  of 
the cannu la . This a l lowed a period of up to 1 4  d with minima l cannula 
movement to a ccentuate hea l ing and adherence of the intes t ine t o  the 
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body wal l  and a l s o  to maintain the int est ine in the de s i red p o s it ion for 
enhanced dige s t a  samp l ing . The inc i s ion was clo sed with a s e r ies of 
stitches inc lud ing perit oneum, musc l e  layers and sk in us ing 2-metric 
polyglyco l i c ac id s utur e1 for pe r it oneum and mus cl e  and 3 -me tr ic coated 
po lyamid suture2 for skin s utures . A continuous s t i t ch was used for each 
layer c l o se d . P igs were given an inj ect.ion of peni c il l in ,  removed from 
anes thes ia and p l aced in steel me tabo l ism crates ( . 7 X . 6  m) with 
expanded metal f loor ing . Room t emperature was ma inta ined a t  
approximately 3 2° C dur ing the recovery pe riod . An 1 8%  c rude pro tein, 
corn-soybean mea l  s tarter die t  was o f fe red ad l ib d ur ing the recovery · 
pe riod . Water was prov ided ad lib ( nipple wa terers ) 'dur ing the enti re 
expe riment . P igs were g iven da ily penic il lin inj ect ions for four d 
fol lowing surge ry . Top ical antibio t i c  sa lve was app l ied . da ily to the 
inc is ion to prevent inf e ct ion and fac il itate heal ing·. Skin sutur es were 
removed 10 to 14 d fol l owing surgery • . 
Cannulae we re manufactured from materia l s  ava ilablE! a t  a local 
------------------------- . 
2 .  Supry lon, Hav e r-Lockhart Laborator ie� , Shawne e Mis s io n ,  KS . 
hardware stor e  inc lud ing 1 .6 em Pvc3 p ipe ( 1 .3 em interna l  diame ter ) , 
1 .6 em PVC T-p ipe f it tings , Novaweld4 PVC cement and addit ional p iece s  
made from 2 . • 5 em and 2 . 2 em diame t er PVC rod . Us ing these materials 
cannulae were t oo led to des ired s iz e  and shape us ing an e l e c t r ic 
gr inde r ,  hack saw and emery c l o th .  Cannula cap s and reta ining rings 
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( made from PVC rod ) a s  wel l as threads for the cannula barrel w e r e  made 
in co ope ration with the SDSU engine ering shop . 
Cro s sbred pigs used in expe riment s  1 and 3 or ig ina ted from the 
SDSU swine herd wh il e p igs use d in expe riment 2 we re purchas ed from a 
local producer .  P igs were weaned _a t  approxima t e ly 2 1  d and r anged in 
pre-surgery weight from 6 . 1 to 1 0 . 0  kg . 
Depend ing on the number of experimental treabDents app l ied there 
were 3 or 4 co l lection periods per expe riment . Each p ig was seque nt ial ly 
rotated through each of the experimental die t s  and samp les co l lect ed s o  
that the numbe r  o f  treatment s  app l ied was equal to the numbe r o f  
co l lect ion per iods . Col lect ion periods were 5 d in duration with a 2 d 
diet adapta tion pe r iod separating each pe riod . Fecal samp l e s  were 
co l lect ed beginning at 0700 h on d three and ending 24 h la ter . I leal 
3 .  Poly-viny l chl or ide . 
4 .  Rovawe ld-c , Genova Inc . , Dav ison, MI . 
5 .  Ras co Whirl-pak , Americ�n S c ienti fic , McGaw Park, IL . 
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to the cannula by tightening the twist-tie wires of  the bag over and 
behind the cannula retaining ring . Bags were changed as needed but were 
never al lowed t o  surpas s  2 h before digesta was placed into the freezer . 
Fol lowing removal of the co l lect ion bag digesta was frozen in the 
co llect ion bag in a sharp freeze at  -28
° c .  Feces were co l lect ed by grab 
samp ling over a 2 4  h period . Only newly excreted fecal matter was 
sampled . 
Four d pr ior t o  the init iation of the experiment pigs were fed 
a semi-pur ified die t  s imilar in na ture to the experimental diets and 
feed intake was monit ored . To equalize feed intake acros s diets the pig 
consuming the leas t amount of feed determined feeding level for the 
first period . Subsequent adj ustments in feed provided were equal be tween 
indiv idua l pigs . Feed was mixed with water to form a mash and enhance 
feed intake . Feed was of fered for a 1 h period beginning a t  0700 and 
1 700 h .  Because p igs were somewhat limited in feed intake , feed refusa l  
was general ly not a problem . When refusal or incomp lete- consumpt ion did 
occur an estima tion of feed intake was made . Compos it ion of the 
experimental die ts varied acro s s  experiments . However ,  al l diet s 
contained 8% dextrose to improve palatabil ity . Als o , · . 2 5% cr2o3 was 
included in al l die ts as a digestibil ity marker .  
Temperature of the metabo l ism roam was simil ar to a nursery 
environment fol lowing elevated t empe ratures maintained for recovery . 
T•peratures were approximately 2 9° C _ at ·tbe beg inning of the 
experiments and were st eadily decreased as pigs ma tured t o  opt imize pig 
comfort . 
3 9  
Ileal digesta and feces from ind ividua l pigs were lypho lyzed then 
combined by period t o  leave one fecal and one ileal sample/p ig/period . 
Feed samples co l lected dur ing each feeding period were combined by 
treabDent and dr ied in a forced air drying oven at  1 00° C for 2 4  h .  All 
samples were ground through a 1 mm s creen us ing a Wiley mil l and a 
subsample ground t o  . 7 5  mm for Cr2o3 ana lysis . ·samples were ana lyzed for 
crude protein, crude f iber ( experiment 1 and 2 only ) , dry matter , acid 
detergent f iber , lignin and ash by standard AOAC ( 19 84) procedures . 
Neutral de tergent f iber analysis was conduct ed according t o  the me thod 
of Van Soest and Wine ( 196 7)  witb a 10  minut e alpha-amy lase incubation 
( experiment 3 only ) to  as sist in ease of f il tering (McQue en and 
Nichol son, 1 97 9 ) . Cel lulose was cal cula ted as the diffe rence be tween ADF 
and lign�n ( Bahm, 1 9 84) . 
Chromic oxide analys is was conducted on . 2  g samp les weighed 
into digest ion tubes . Five ml of a 4 : 1 mixture of HR03 and HCLo4 p lus 1 
ml of BCL04 was then added to  the diges tion tube . Best results dur ing 
digestion ( lit tle foaming ) were obtained if the samples were al lowed to 
remain in the acids overnight prior to digestion. Samp les were digested 
a t  220° C for a period of time lasting 1 0-1 5 minutes beyond the point of 
samples turning a yel low or orange color . Care was taken t o  observe each 
tube and if any began t o  turn black HB03 was careful ly added to prevent 
exp losion. Samples were al lowed . t o  cool then dilut ed ·.to  2 5  ml with 
deionized water . Solut ions were then transferred to spectrophotOmeter 
tubes and opt ical dens ity recorded �t  440 um. 
A standard curve was prepared using 96 8 mg K2cr2o7 in 500 ml of 
40 . 
distil led wa ter . This s olut ion is a concentration such that 1 ml• 1 . 0 mg
. 
cr2o3 • Five , 1 0 ,  1 5 ,  20  and 2 5  ml of K2cr2
o7 solut ion p lus 5 ml of HCL04 
were dilut ed to 1 00 ml with distil led water . Opt ical dens ity of each 
solution was de te�ined at 440 nm. A constant (K) , was cal culated as : 
K • mg Cr2o3 per 1 00ml/ opt ical dens ity at 440nm . 
% Cr2o3 in samples • K x od440nm x 2 5/ sample wt in mg . 
Amino ac ids were quantitated by high pressure l iquid 
chromatography6 us ing a res in based co lumn7 with 6 micron particles . 
Pierce8 buffers were use d .  Samples were hydrolyzed in 6 M HCL for 24  h 
at 1 06° C in s crew cap tubes purged with nitrogen. Fol lowing hydrolys is 
a 200 u1 sample was diluted to 1 00 ml with . 875  m1 ( . 1 027 g/ 1 )  
norleucine standard and distil led water . Samples were f il tered through a 
2 micron f il ter and a 20 ul al iquot inj ected . 
Data for expe r iments 1 and 2 were analyzed as cro s $ over des igns 
(Damon and Harvey , 1 9 88)  measuring variation due to ind iv idual p igs , 
periods and d ie tary treabDents using least-squares procedures ( SAS , 
19 82 ) . Treatment differences were identi f ied through F pro tected LSD 
aua lys is ( SAS ,  1 982 ) . 
F ive barrows and s ix g il ts ,  average initial weight 9 . 6 kg , were 
surg ical ly fitted with a s i�le . T-cannula over a 2 d .period . P igs were 
al lowed a 1 2  d recupe ration period pr ior ·t o  the initiation of the 
----------------------- . 
6 .  Isco Inc . , Lincoln,  NE .  
7 .  Interact ion, VWR Scientific , San Francisco , CA. 
8 .  P ierce Laborator ies ,  Rockford , IL . 
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experiment . Al l p igs consumed feed and exhibited pos itive weight gain 
(average of 5 5  g / d )  over the 1 2  d pe riod . Nine pigs were select ed for 
the experiment on the bas is of pe rformance dur ing recupe ration. 
Beginning on d 9 feed intake of a 20% crude protein, 8 . 6% crude f iber 
semi-pur ified s unf lower meal die
.
t was monitored for 4 d t o  determine 
level of feed intake dur ing the initial period ·of the expe riment . Four 
barrows and f ive gilts  were al lotted t o  experimental treaements 
according to weight . 
TABLE 3 • CHEMICAL ANALYS IS OF SUNFLOWER MEAL ( %)  
Ege�:iment 
Item 1 2 
Moisture 1 0 . 40 1 1 . 20 7 .7 6  
Crude protein 3 6 . 3 0  2 5 .60 3 9 . 50 
Crude f iber 1 5 . 6 0  23 .30  1 3 . 0 0  
NDF 27 . 00 3 7 . 50 2 5 . 60 
ADF 1 8 . 90 28 . 20 1 6 . 80  
Crude fat 1 . 50 1 . 20 1 .0 5  
Ash 6 . 60 6 .3 9  6 . 83 
Lysine 1 . 27 1 .0 1  1 .3 5  
3 
9 . 26 
3 9 . 70 
1 2 . 89 
24 . 50 
2 2 . 90 
1 .04 
6 .7 9  
1 .3 6  
Diets were formulated t o  contain three different crude protein 
levels ( 1 2 , 1 6  • 2 0% )  while crude f iber was held constant ( 8 . 6 % )  with th·e 
addition of Solka Floc to diets  1 and 2 .  Corn-oil was· ·added t o  maintain 
caloric content of the die ts . A 3 6 .3% crude · protein sunf lower meal 
( table 3 )  was used to supply die tary crude protein as wei l as _ a maj or ity 
of the die tary f iber . L-threo�ine , L- isoleucine _ and DL-meth ionine were 
added to diet 1 to meet or . -exceed NRC ( l9i 9 )  recommendati ons while L­
lysine HCL was added to  al l . diets to 1118intain a 1 .0 % d ie tary lys ine 
concentration. Compos ition and chemical analyses of the �xperimental 
diets is prov ided in t ables 4 and 5 ,  respe ct ively . 
TABLE 4 .  DIET COMPOSIT ION ( EXP .  1 ,  % )  
Ingredient 
hi Corn stare b Sunf lower meal c Dextrose 
Corn oil 
Dical cium phosphate 
Calcium carbonate 
Salt 
Solka Flocd 
Mineral premix� 
Vitamin premix 
L-lys ine BCL 
L-threonine 
L-isoleuc ine 
DL-me th ionine 
cr2o3
g 
1 
49 . 27 
3 2 . 1 0  
8 . 00 
. so 
2 . 00 
. 5 5  
. 3 0  
3 . 90 
. o s  
2 .00 
• 7 6  
. 1 1  
. 1 1  
. 1 0 
. 25 
Treatment 
2 
3 8 . 6 2  
43 . 3 0  
8 . 00 
2 . 7 5  
1 . 40 
. 7 5  
. 3 0  
2 .00 
.o s  
2 . 00 
. 5 8  
. 2 5  
b Pearl Starch , A. E .  Staley Manufactur ing Co . ,  Deca tur , IL . 
See analys is , table 3 .  c . 
d Staley Manufactur ing Co . James River Corporation, Berl in, HR. 
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3 
27 . 90 
54. 55  
8 . 00 . 
4 . 80  
. 83 
. 92 
. 3 0  
. 0 5  
2 . 00 
.40 
. 2 5  
e Provided the fol lowing per kg o f  diet : Z n ,  1 00 mg ;  Fe , 7.5 mg ;  
Mn, f25  mg ;  Cu, 7 . 5 mg ;  I ,  . 1 7 5  mg and Se , . 1  mg .  Provided the fol lowing per kg of die t : Vitamin A,  2 200 IU ; 
Vitamin D,  2 20 IU ; Vitamin E ,  1 1  IU ;  Vitamin K, 2 mg ;  r ibof lav in,  3 mg ;  
niacin, 2� mg � pantothenic ac�d , _ 1 3  mg ;  Vitamin �1 2 , 2 2 . ug ; th iam�, 1 .3 mg ;  V1tam1n B6 , 1 . 5 mg ;  b1ot1n, . 1  mg ;  f olac1n,  . 6  mg and cho l 1ne , 1 1oB mg .  
Chromium oxide powder 9 8% + purity . Aldrich Chemical Co . ,  Inc . 
A total of twelve p igs ( 9  g il ts and 3 barrows ) ,  �verage init ial 
weight 7 .3 kg , were surgical ly f it ted with a s imple T-cannula ·over a 2 d 
period . P igs were al lowed an i l  d recuperation period dur ing wh�ch a.1 1 
pigs gained weight ( average 1 09 g/d ) . Beginning on d 8 of the 
recuperation period feed intake of nine pigs ( 7  gil t s , 2 barrows ) was 
monitored t o  de termine feeding l evel dur ing the initial ·co l lect ion 
43 ° 
TABLE 5 .  CHEMICAL ANALYSES ( EXP .  1 ,  % )  
Tr§ltmlnt 
Item 1 2 3 
Crude protein 1 2 . 8  1 7 . 2  20 . 8  
Crude f iber 8 . 2  8 . 5  8 . 6  
Neutral de tergent f iber 16 . 1  1 9 . 9  24. 5 
Acid detergent f iber 1 0 .3 1 2 . 2  1 4 . 5  . 
Cel lulose 8 . 0  8 . 7  9 . 7 
Lignin 2 . 6 3 . 7 4 . 9  
Hemicel lulose 5 . 8  7 . 7 1 0 . 0 
Ash 4 . 9  5 . 8 6 .3 
cr2o3 . 27 . 2 9  . 27 
Amino acids 
Indispensable 
Arginine . 7 6  1 . 1 7  1 .3 1  
Histidine . 27 . 3 5  .43 
Isoleucine . 63 • 7 9  . 89 
Leucine . 82 . 1 . 23 1 . 34 
Lysine 1 .07 1 . 1 1  1 . 02  
Phenylalanine . so . 85 . 93 
Threonine .64 . 6 8  . 84 
Val ine . 97 1 . 5 4  1 .  7 8  
Dispensable 
Alanine . 56 . 86 . 93 
Aspartic acid 1 . 5 9  2 . 0 2  2 . 60 
Glutamic acid 2 . 82 3 .44 4 . 52 
Glycine . 5 8  . 64 . 92 
Serine . 5 5  . 64 . 84 
Tyros ine . 1 6  . 2 1  . 26 
TABLE 6 .  DIET COMPOSITION ( EXP .  2 ,  % )  
Ingredient 
. Corn starch4 
Sunf lower meal ( 39% ): 
Sun£ lower meal ( 25% ) 
Dextrosec 
Dicalcium phosphate 
Calcium carbonate 
Salt . 1 . d M1.nera pr em l.X . . . e V1.tam1.n pr emu 
L-lystne HCl 
cr2o3 
Treatment 
1 .2 
42 .00 3 6 . 0 0  
44. 80 3 3 .00  
1 8 . 00 
8 .00 8 . 00 
1 .2 9  1 . 1 0  
. 80 . . 83 
. 3 0  . 3 0  
. o s  . 0 5  
2 .00 2 .0 0  
. 51 . 47 
. 2 5  . 2 5  
: Pearl Starch , A. E .  Staley Manufactur ing Co . ,  Deca tur , IL . 
See ana lysis , table 3 .  
� Staley Manufacturing Co . 
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3 
27 . 04 
1 7 . 00 
43 . 1 0 
8 . 00 
• 72 . 
1 . 1 0  
. 3 0  
. 0 5  
2 . 00 
. 44 
. 2 5 
Provided the fol lowing per kg of diet : Z n ,  1 00 mg ;  Fe , 7 5  mg ;  
Mn, 2 5  mg ;  Cu, 7 . 5 mg ;  I ,  . 17 5  mg and Se , . 1  mg .  e Provided the fol lowing pe r kg o f  diet : V itamin A, 2 200  IU ; 
Vitamin D ,  2 20 IU ; V itamin E ,  1 1  IU ; V itamin K,  2 mg ;  r ibof lav in ,  3 mg ; 
Niacin, 2_2 mg ;  pantothenic acid , 1 3  mg ;  V itamin B1 2 , 22  ug ; th iamin, 1 .3 mg ;  V itamin B6 , 1 . 5 mg ; bio tin, . 1  mg ;  folacin,  .6 mg and cho l ine , 1 109 mg .  
Chromium oxide powder 9 8% + purity . Aldrich Chem ical Co . ,  Inc . 
period .  An 1 8% crude protein, 8 . 6 %  crude f iber , semi-pur ified ·s unf lower 
meal diet was fed over the 4 d monitor ing p·eriod . P igs were al lotted by 
weight to  experimental diets formulated to  be isonitrogenous ( 21% crude 
protein) but to  vary in crude f iber content ( 5 .4 , 8 . 3 , 1 1 . 7 %)  and thus 
in dietary metabol izable energy content ( 32 96 ,  3 060 , 27 30  kcal/kg ) . 
Addit ion of L-lys ine BCL was made to maintain dietary lysine level at 
1 .0% . Two sunfl ower meal s  ( 25 and 3 9% crude pro.tein) .were used t o  
achieve des ired d ietary cr.ude protein _ and 
.
crude f iber concentration� . 
Chemical analyses of the sunf lower meal s is prov ided in table 3 .  
Composition and analyses of the experimental die ts is prov ided in tables 
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TABLE 7 .  CHEMICAL ANALYSES ( EXP .  2 ,  % )  
Treatment 
Item 1 2 3 
Crude protein 20 . 9  2 0 . 8  2 1 .0  
Crude f iber 5 .4 8 . 3  1 1 . 7 
Neutral de tergent f iber 20 . 5  2 4 . 5  3 0 . 5  
Acid de tergent f iber 8 . 4  1 2 . 1  1 5 . 7 
Cel lulose 6 .4 8 . 6  1 1 . 1 
Lignin 1 . 9 3 . 6 4 . 1  
Hemice l lulose 1 2 . 1  1 2 . 4 1 4 . 8  
Ash 5 . 8 6 . 2 6 . 6 
cr2o3 . 26 . 26 .27 
Amino ac ids 
Indispensable 
Arginine 1 . 45 1 . 40 1 .33 
Histidine .43 . 43 .45 
Isoleucine • 7 1  . 6 7  . 1 2  
Leucine 1 .2 1  1 . 1 3  1 . 24  
Lys ine 1 . 20  1 . 1 9  1 . 1 7  
Phenylalanine . 85 . 85 . 84 
Threonine . 7 2  . 74 • 76  
Val ine 1 . 2 9  1 . 23 1 . 08 
Dispensable 
Alanine . 7 3  . 7 1  • 7 5  
Aspartic acid 2 . 1 1  2 . 1 9  . 2 . 1 5  
Glutamic acid 3 . 9 8  3 . so  3 . 87 
Glycine . 95 . 90 . 96 
Serine • .7 7  . 7 6  . 81 
Tyros ine . 22 . 3 0  . 2 9  
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6 and 7 ,  respe ct ively . 
'R"ri.ent 3 
Fifteen p igs  ( 8  barrows , 7 g il t s ) ,  average init ial weight 6 . 9 
I 
kg, were surgica l ly f it ted with a simple T-cannula at  the terminal ileum 
over a two d period . A 1 2  d recupe ration period was planned but was 
ext ended 1 d when two of the twelve p igs used . in the experiment began 
scour ing 2 d pr ior to the initiation of the experiment . Al l pigs did 
exhibit weight gain ( average 1 17 g/d ) dur ing the pre-experime nt 
recuperation. Four d pr ior to  the initiation of the experiment feed 
intake of a 2 1% crude protein, 3 . 8% crude f iber ,  semi-pur ified diet was 
monitored to de termine feeding level dur ing the init ial co l lect ion 
period . Twelve p igs ( 5 barrows , 1 g il ts )  were al lotted to expe rimental 
treatme�ts according to pig weight . Expe rimental diets  were formulated 
to contain two crude protein ( 16 and 2 1% ) levels over two dietary 
Deutral de tergent f iber ( 8 .3 and 1 8% )  level s . Crude protein · and HDF 
concentrations were ach ieved with addition of sunflower meal ( table 3 ) . 
soybean meal and s oybean hul l s . Sunf lower meal suppl ied 40% of  the 
dietary crude protein in al l experimental die ts .  �lys ine HCL was added 
to the low-pro tein die ts to equal ize die tary lys ine at 1 . 1% . DL-
me thionine was al so inc luded t o  the low-protein die ts to  as sure adequa te 
sulfur amino acid concentration. Composition and chemical a�lyse s of 
the experimental die ts is prpvided in tables · 8 and 9· , respe ctively . 
Data were analyzed as a cros sover des ign ( D�on and Harvey , 
1 988) us ing least-squares analysis ( SAS , 1 9 82 )  of the fact or ial 
arrangement of treatment s . Treatment variance was subdivided into 
47 
protein, fiber and protein*f iber components .  The model  inc luded p ig ,  
period and treatment . 
TABLE 8 .  DIET COMPOSITION ( EXP .  3 ,  % )  
Tr1atment 
Ingredient 1 2 3 4 
Corn starch4 47 . 20 3 5 .00 3 9 .00 26 . 20 
Soybean meal 1 9 . 80  1 6 . 1 0  27 .oo 23 . 80  
Soybean hul ls 
b 3 . 00 1 9 . 1 0  
1 6 . 20 
Sunf lower meal 1 6 . 20 1 6 .20  2 1 .00 2 1 .00 
Dextrosec 8 .00 8 . 00 8 . 00 8 . 00 
Dicalcium phosphate 2 . 10 2 .00  1 . 50 1 . 50 
Li..stone . 60 . so . 90 . 70 
Salt . 2 5  . 2 5  . 2 5  . 25 
Mineral premixd . 0 5  . 0 5  . 0 5  . o s  
Vitamin prFix
e 2 . 00 2 . 00 2 . 00 2 .00 
Antibio tic . 0 5  . 0 5  . o s  . 0 5  
L-lys ine BCl . 3 5  . 3 5  
DL-methionine . 1 5 . 1 5  
cr2o3
g . 2 5  . 2 5  . 2 5  . 2 5  
b Pearl Starch , A. E .  Staley Manufacturing Co . ,  Deca tur , IL . See ana lys is , table 3 .  
: Staley Manufactur ing Co . 
Provided the fol lowing per kg of die t :  Z n, 1 00 mg ;  Fe , 7 5· mg ;  
Mn, e2 5  mg; Cu , 7 . 5 mg ;  I ,  . 1 7 5  mg and S e ,  . 1  mg .  Prov ided the fol lowing per kg o f  die t :  Vitamin A ,  2 200 IU ; 
Vitamin D,  2 20 IU ; Vitamin E ,  1 1  IU ; Vitamin K, 2 mg ;  r ibof lav in ,  3 mg ;  
niacin, 2� mg ! pantothenic ac�d , . 1 3  mg ;  Vitamin �1 2 , 22 ug ; thiami�, 1 .3 mg; V1tam1n B6 , 1 . 5 mg ;  b1o t1n, . 1  mg ;  folac1n,  . 6  mg and chol1ne , 1 102 mg. 
Provided 5 5  mg of chl ortetracycl ine per kg of die t .  g Chromium oxide powder 9 8% + purity . Aldrich Chemical Co . , Inc .· 
48 
TABLE 9 .  CHEMICAL ANALYSES ( EXP .  3 ,  % )  
Tr1atment 
Item 1 2 3 4 
Crude protein 1 8 .7 1 8 . 6  24.4  24. 1 
Crude f iber 3 . 9 9 . 7 3 . 8 9 . 6 
Neutral detergent f iber 1 0 . 8  23 . 2  1 0 . 8  2 2 . 8  
Acid detergent f iber 7 .0 14 . 8  7 . 0 14 . 9  
Cel lulose 6 . 0 13 . 5  5 . 9  13 .4  
Lignin 1 .4 1 . 5 1 . 4 1 . 6 
Hemicel lulose 3 . 8 8 . 4  3 . 8 7 . 9 
Ash 6 .3 6 . 5 7 . 2 7 .3 
cr2o3 . 2 8  . 2 9  . 2 8  . 2 8  
Amino acids 
Indispensable 
Arginine 1 .07 1 . 1 2  1 . 50 1 . 45 
His t id ine . 3 9  . 44 . 6 1  . 5 8  
Isoleucine . 1 5  . 7 8  1 . 0 1  . 97 
Leucine 1 .26 1 .2 1  1 . 54 1 . 45 
Lys ine 1 .23 1 .27 1 . 3 2  1 . 28 
Phenylalanine . 1 5  . 7 9  1 . 0 5  . 9 9 
Threonine . 82 . 7 8  . 93 • 91 
Val ine 1 .3 2  1 . 27 1 . 6 9  1 . 5 1  
Dispensable 
Alanine . 85 . 7 8  . 91 . 9 5 
Aspa rtic acid 2 .46 2 .26 2 . 95 3 . 00 
Glutamic acid 3 .34 3 .2 8  4 .07 3 . 86 
Glycine . 7 2  . 1 5  . • 80 • 7 9  
Serine . 81 . 7 6  ' . 90 . 96 
Tyros ine . 13 . 1 6  . 3 3  .3 1 
RESULTS AID DISCOSSIOB 
lffecta of Dietary Crude Protein aDd Fiber Content on the 
Digeatibility of Dry Matter. Fiber Fraction aDd Ash in Diets for 
the Jpnp• Jeued Pic '  
'9'rj•ut 1 
Ileal and fecal digestibil ity coef ficients of p igs fed d iets 
with various crude protein content is provided in table  1 0 .  Table 1 1  
shows correlations be tween dietary components and the dige s t ibil ity of 
various dietary· components .  
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Ileal and fecal dry matter ( DM)  d igestibil ity decreased (P< .03)  
with increas ing d ie tary crude protein ( CP)  content . Fecal DM responded 
quadratical ly ( P < . 0 5 )  with increas ing dietary CP . The r esponse may be 
due more to an increas ing d ietary crude f iber ( CF )  content . Calculated 
dietary CF content was approximately 8 . 6% for al l three d ie t s . However , 
upon chemical ana lys is  die t  1 analyzed to  be 8 . 2% CF . Although 
differences in dietary CF content between the diets is very smal l CF 
has been reported t o  depres s  DM digestibil ity over the entire diges tive 
tract (Fernandez and Jorgensen,  1 9 86 ) . - Also ,  dietary CF content was 
equalized with the inclusion· of Solka Floc but die tary neutral 
detergent f iber ( NDF) content varied from 1 6 . 1  to 2 4 . 5% .  Stanogias and 
Pearce ( 19 85a)  r eported NDF to  have a more marked af fect on DM 
digestibil ity than on it s own f iber component diges tibil ity . They fed 
growing pigs ( 45 kg ) d ie ts ranging in NDF content from 7 . 5 to  3 0% and 
reported apparent digestibil ity of DM �o ·decrease whil e a relatively 
smal l depres s ion of NDF d igestibili�y oc curred . · 
Diet compos it ion between the 3 exper imental die ts diffe red with 
TABLE 1 0 .  DIGESTIB ILITY COEFFICIENTS OF P IGS FED DIETS 
CONTAINING VARIOUS CRUDE PROTEIN CONTENT ( EXP . 1 )  
Treatment 
1 2 3 
Crude protein, % 1 2 . 8  17 . 2  20 . 8  
Crude f iber,  % (P<)  8 .2 8 . 5  8 . 6  
Ileal DM . 03 b 6 8 .07bc 67  . 24� 6 9 .62b Fecal DMeg . 03 80 .7 1 7 9 . 26c 7 9 . 92 c 
Ileal NDF . 001  b 27 . 6 9c d 14 .45b 43 . 94d Fecal NDF . 001  33 .3 7 47 .40c 60 . 7 6  
Ileal ADFf . 001 b 20 . 87c d 4 . 43b 3 8 . 2 2d Fecal ADF . 001 23 . 91 39 .34c 54. 85 
Ileal CF . 0 1  b . 6 2c d - 7 . 1 4b 1 5 . 91d Fecal CF .001  13 . 56 23 .39c 3 7 . 56 
Ileal ce l l  . 001  - 7 . 7 2: 8 . 48c 
. d 33 . 56
d Fecal ce l l  .001  22 . 47 40 .06c 6 1 . 26 
Ileal hemi . 0 1  3 6 .44b 41 .24bc 52 . 7 0c 
Fecal hemi .005  54 . 13b 63 .3 sbc 69 . 82c 
Ileal lig . 0 5  b 44. 94c 50 . 7 9d 41 . 2 8b Fecal lig . 0 5  3 6 . 3 6  43 . s
se 49 . 5 5c 
Ileal ashe . 0 06 8 . 1 2b 14 .08c 1 6 . 2 1c 
Fecal ash 3 5 . 7 1  40 . 7 6  3 5 . 89 
a . . 
bcfttandard error of the mean . . 
e Means with in the same row with uncommon supe rscript s f Linear response ( P < . 0 5 ) . 
Linear response ( P < . 1 ) . g Quadratic response (P< .0 5 ) . 
SEa 
. 463 
. 41 1  
1 . 49 
2 . 03 
1 . 65  
1 . 7 6  
1 . 88 
2 . 5 9  
2 .3 0  
2 .08  
4 .0 1  
3 .3 5  
1 .2 1  
2 .43 
2 . 62 
3 . 86 
diffe r .  
50 
51  
TABLE 1 1 . CORRELATION COEFFICIENTS OF DIETARY COMPONENTS AND 
RESPECT IVE COMPONENT DIGESTIBLILITY ( EXP • · 1 )  
Dietaii com�onents 
Hemi 
CP NDF ADF 
I 
Cel l  Lignin CF cel l  Ash 
Ileal DM - . 9 93 - . 974 - . 974 - . 963 - . 9 8>  - . 9 94 - . 974 - . 99 9** 
Fecal IM .;. . 5 92 - . 4 97 - . 497 - .456 - . 5 23 - . 7 5 5  - . 497 - . 673 
Ileal N . 948 . 906  • 906 . 886 . . 91 9  . 9 94 . 906 . 97 6  
Fecal N . 956 . 9 83  . 9 83  • . 9 91 . 977  . 86 8  . 9 83  . 920 
Ileal NDF . 993 . 999** . 9 99** . 999* . 999* . 942 . 999** . 97 5  
Fecal NDF . 999* . 99 8  . 9 98* . 993 . 999* . 96 5  . 9 98* . 9 89 
Ileal ADF . 997* . 999* . 9 99* . 996* . 999** . 9 56 . 999* . 9 83 
Fecal ADF . 998* . 999* . 9 99* . • 995 . 9 99** . 96 0  . 999* . 9 86 
Ileal cel l  . 9 84 . 9 9 8*  . 9 98* . 999* . 995 . 91 9  . 997* . 95 9  
Fecal cel l  . 9 93 1 . 000** 1 .000** . 9 99* . 9 99** . 944 1 . 000** . 97 7  
Ileal lig . 9 82  . 9 97* . 9 97* . 9 99** . 9 94 . 91 6  . 996* . 956 
Fecal lig . 99 9** . 991 . 9 91 . 9 83  . 9 94 . 9 8)  . 991 . 9 97* 
Ileal CF . 970  . 9 91 . 9 91 . 9 96* . 9 87 . 892 . 9 91 . 93 9  
Fecal CF . 9 87 . 999* . 9 99 1 .000** . 997* . 927 • 9 99* ' . 96 5  
Ileal head . 95 8  . 9 84 . 9 84  . 9 91 . 97 9  . 87 1  . 9 84  . 92 2  
Fecal hemi . 99 9*  . 9 88 . 9 88 . 97 5  . 9 91 . 9 84 . 9 88 . 9 98* 
Ileal ash . 947 . . 90 5  . 90 5  . a ss · . 91 8  . 9 94 . 90 5  . 97 6  
Fecal ash . 0 8 9  - .0 24 - .0.24 - .07 0 . 0 06 .3 07 - . 0 24 . 1 94 
* (P< . 0 5) .  
** (P < . O l ) . 
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respect to phys ical nature . Die t  1 contained roughly 50% corn starch 
whil e diet 3 contained approxima tely 28% . Sunf l�er meal inclus ion 
varied from 3 2% in diet  1 to 5 5% in diet  3 .  Crude f iber was increased 
. .  
in the low protein die ts with addition of Solka Floc , a pur ified  
cellulose product . Diet  one had a much larger portion of  the d ie tary DM 
contribut ed by corn s tarch . S ince starch is a readily diges tible 
carbohydrate source ( Scott  et  al . ,  1 9 82 )  d igestion of that portion of 
the diet would be expected to be very high . The difference in DM 
digestibil ities among the 3 d ie ts may be due to the variation in amount 
of readily digest ible starch . Fernandez and Jorgensen ( 19 86 )  r eported 
the digestib il ity of the d ie tary starch/ sugar fraction of  7 d ie ts t o  be 
95% comp le te at  the ileum and 99 .6%  d iges t ed in the feces . Walker e t  
al . ( 19 86b )  report ed il eal starch digestibil ity t o  b e  9 9% in p igs 
similar in s ize to tho se used in our expe riments . Also , the pos s ibil ity 
exists that rate of pas sage of the various diets may have af fect ed 
( . 
dietary component digestibil ities . Rate of pas sage has been reported t o  
differ due to  die t compos ition and wil l . affect die t  digestibil ity ( Ehle 
et al . ,  1 982 ) . 
Ileal digestibil ity of NDF, acid de tergent f iber (ADF) , CF ,. 
cel lulose , hemicel lulose , lignin and ash al l increased (P< . 0 5 )  with 
increa8 ing d ietary CP content . I leal digestibil ity of ADF ( P < . � ) . and 
ash (P < . 0 5) res poDded l inearly . ·  It is s omewhat· puz zl ing as t o  why 
dietary CP would af fect the digestibility _�f . tbese die t�ry component s  
at the terminal ileum .  There i s  the pos s ibil ity that a lack of t otal 
nitrogen in the low protein diets could cause a depres -. ion in the 
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availabil ity of digest ive enzymes which are protein in na ture . However ,  
the pig does not synthes ize enzymes capable o f  digest ing the f iber 
fractions ADF, cel lulose or a large portion of the CF , nor do they have 
• '  
a signif icant f lora of cel lulolytic microbes t o  as sist  in the breakdown 
of such die tary components ( Cranwel l ,  1 96 8 ;  Stanogias and Pearce , 
1985b ; Mosenth in e t  al . ,  1 9 86 ) . Also Low ( 197 9)  and Sauer e t  a1 . ( 1 980 ) 
reported endogenous enzyme secretion to  be related t o  DM intake and not 
to vary over a wide range of CP intake . This would suggest that enzyme 
secretion is not altered . 
Ileal CF and cel lulose d igestibil ity co ef f icients of pigs fed 
diet 1 were negat ive indicating a recovery of the arti fact subs tances 
during chemical ana ly s is of digesta samples . Many pos s ible exp lanations 
may be sugges t ed for this occurrence . Possible contr ibut ion of microbial 
matter not digest ed during f iber analys is can provide s ome a rea for 
error (Grahm et al . ,  1 9 86 ) . There is also  the pos s ibil ity of c.hemical 
ana lys is or indigestible marker co l lection problems us ing d iffering 
types of diets . Essential ly any al teration of the actual  amount of CF or 
cel lulo se in a digesta samp le where v irtual ly no digestibil ity of those 
components has occurred , would give r ise to possible ne.gative 
digestib il ity coeff ic ients . 
Fecal me as ures of NDF, ADF, CF , cel lulose , · hemice l lulose . and 
lignin dige s t ibil ity were greater than those measured at  the ileum but 
responded in a s imilar fash ion. Fecal dige
_
s
.
t ibil ity mea_sures are 
greater than ileal measur es because of · the microbial d igestion of 
compounds in the large intestine ( Cranwel l ,  1 96 8 ;  Varel , 1 9 87 )  . •  
Increased digest ibil ity of the f ibrous fract ions due to  incr eas ing 
level of dietary CP may pos s ibly be exp lained as an imp�ovement in the 
nutritional status of the hindgut microf lora.  It is wel l  documented 
' .  
that type and amount of carbohydrate reaching the hindgut wil l 
inf luence microbial act ion of und iges ted nutrients (Mosenth in e t  al . ,  
1986 ) . If nitrogen was a l imiting factor for the hindgut microbes an 
increased die tary nitrogen content wo�ld al low them to f lour ish . There 
is also the po ssibil ity of the increased CF content of die ts 2 and 3 
causing an increase in large intes tinal microbial act iv ity . 
Fecal ash digestibil ity did not differ ( P < . O S )  acro s s  dietary 
treatment . Etheridge e t  al . · ( 19 84) and Den Hartog e t  al . ( 19 88) fed 
.. 
pigs diets of various composition and reported no variation in fecal 
54 
ash diges tibil ity . The fecal measure of ash digest ibil ity may be a more 
accurate estima te of ash digest ibil ity due to  the fact that the ileal 
digesta contains gut secretions of high mineral content ( buffe rs� , etc . )  
that are not completely absorbed until pas s ing into the large 
intest ine . Grabm e t  al . ( 19 86 )  r eported ·negative ash digestibil ities 
and explained the e rroneous res ults as �eing caused by endogenous 
contamination. Ileal ash digestibil ity diffe rences among treatments may · 
be caused by an altered f low of endogenous material due to diffe rent 
diet compos ition ( Low ,  1 97 9) . 
Ileal and fecal digestibil ity �oeff icients as well as 
correlation coef f icients of pigs fed d iets of various CF · content are 
summarized in tables 1 2  and 13 , respe ctively . 
TABLE 1 2 .  ILEAL AND FECAL DIGESTIB D.ITY COEFFICIENTS OF PIGS 
FED DIETS WITH VARIOUS CRUDE FIBER CONTENT ( EXP . 2 )  
1 . . 
Crude protein, % 20 . 9  
Crude f iber , % (P<  ) 5 .4 
Ileal DM .04 63 . 7 6b 
Fecal DM 7 8 . 85 
Ileal NDF 33 . 40 
Fecal NDF 5 4 . 2 8  
Ileal ADF .03  -2 1 . 70c 
Fecal ADF . 0 1  9 . 66c 
Ileal CF . 0 1  -49 . 54c 
Fecal CF 1 2 . 92 
Ileal cel l  . 002  -17  . s se 
Fecal cel l  . 0 4  27 . 6 7c 
Ileal hemi · 7 1 . 86 
Fecal hemi 85 .42 
Ileal ligd . 003 -34 . 58c 
Fecal l igd . 0 07 -3 6 .33c 
Ileal ash 1 3 . 2 8  
Fecal ash 46 . 83 
a 
Treatment 
2 
20 . 8  
8 . 3  
6 1 . 5 9bc 
7 8 . 20 
3 8 . 1 0  
60 . 2 1  
5 . 53b 
3 5 . 94bc 
- 7 .6 1a 
26 . 0 5  
2 . 2 1bc 
46· .oob 
6 9 . 99 
83 . 96 
b 17 . 91b 22 . 95 
1 4 . 7 6  
47 . 85 
3 
2 1 . 0 
1 1 . 7 
5 8 . 09c 
7 7 . 88 
45 . 6 5  
64 . 7 6  
b 26 . 14b 47 . 6 2  
1 8 . 6 9b 
43 . 1 2  
. b 23 . 03b 54 . 27 
6 6 . 3 1 
82 . 91 
b 27 . 0 4b 3 2 . 54 
1 3 . 2 4  
50 . 20 . 
b Standard e rror of the mean .  
d
e Means within the same row with uncommon supe rs cript s 
Linear response ( P < . 06 ) . 
SEa 
1 .7 7 9  
1 . 7 95 
4 . 6 94 
5 . 647 
8 . 2 88 
9 . 620 
1 0 . 5 86  
1 2 . 205  
7 . 857 
8 . 245 
2 . 202 
3 . 0 1 0  
1 0 .487 
1 3 . 47 6  
2 .022  
2 . 7 19 
differ . 
& ' 
. . 
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TABLE 1 3 . COilRELATION COEFFICIENTS OF DIETARY COMPONENTS AND 
RESPECTIVE COMPONENT DIGESTIBLILITY ( EXP . 2 )  
Dietar1 com�on�nts 
Remi 
. .  
CP NDF ADF Cel l  Lignin CF ce l l  Ash 
Ileal DM - .6 12 - . 9 99** - . 9 89 - . 9 95 - . 90 4  - . 9 96* - . 9 5 9  - . 991 
Fecal DM - .3 23 - . 9 53 - . 9 82  - . 973 - . 993 - . 97 1  - . 81 6  - . 9 81 
Ileal N - . 648 - . 9 9 8*  - . 9 82 - . 990 - . 884 - . 991 - . 97 1  - . 9 84 
Fecal N - . 03 1  - . 82 1  - . 885 - . 863 - . 9 82  - . 85 9  - . 6 1 1  - . 881 
Ileal NDF . 6 1 1  . 9 9 9** . 990 . 995 . 90 5  . 996*  . 9 59  . 991 
Fecal NDF . 43 3  . 9 81 . 9 98* . 994 . 97 4  . 992 . 97 9  . 9 97* 
Ileal ADF . 42 9  . 9 81 . 997* . 993 . 974 . 9 92 . 87 6  . 9 96* 
Fecal ADF . 3 00 . 945 . 97 8  . 96 8  . 996* . 96 5  . 80 1  . 97 6  
Ileal ce l l  . 51 3  . 99 5  . . 9 99** . 999** . 949 . 99 9** . 91 8  . 999** 
Fecal cel l  . 3 04 . 946 . 97 8  . 96 8  . 9 96* . 96 6  . 803 . 97 7  
Ileal l ig . 1 37 . 87 7  . 92 9  . 91 2  . 997* . 90 8  . 6 91 . 926 
Fecal l ig· . 1 29 . 87 2  . 926 . 908 . 9 96* . 90 5  . 6 84 . 923 
Ileal CF .3 82 . 970  . 9 92 . 9 86  . 9 85 . 9 84  � 851  . 9 91 
Fecal CF . 2 97 . 944 . 97 7  . 967  . 997* . 96 4  . 7 9 9  . 97 5  
Ileal hemi - . 5 90  . 2 97 . 41 1 . 3 71 . 6 6 1  .362 . 00 5  .40 5  
Feca l -hemi - . 41 6 - . 97 8  - . 9 96* - . 9 91 - . 97 8  - . 9 90 - . 870 . 9 96* 
Ileal ash . 920  . 233  . 1 12 . 1 56 . 1 83 . 1 65 . 51 6  . 1 1 9  
Fecal ash . 6 86  . 9 93 • 97 1 . 9 81 . 85 9  . 9 83  . 9 82  . 97 3  . . 
* (P < . 0 5 ) . 
** (P< . 0 1 ) . 
:' . . : 
. . 
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Ileal DM digestibil ity diffe red (P< . 04) and decreased along 
with ileal hemice l lulose d igestibil ity as die tary CF content increas ed .  
Stanogias and Pearce ( 19 85a) and Fernandez and Jorgensen ( 19 86 )  
. 
reported s imilar results due to increas ing dietary CF and NDF content . 
Ileal DM digestibil ity was negatively correlated with CF (P< . O S )  and 
NDF (P< .O l )  content of th.e diet . Den Hartog et al . ( 19 86 )  reported the 
rate of pas sage in the smal l intestine to be increased while in the 
large intest ine decreased with greater dietary CF content . This 
exp lains a dec l ining DM digestibil ity at the ileum but no difference 
between diets over the entire digestive tract . Fecal IJ.i and 
hemicel lulose digestibil ity did not differ (P< . OS)  due to d ietary 
treatment . 
I leal and fecal NDF digestibil ity , while bo th incr eas ing 
nU1ilerical ly ,  did not differ (P > .O S )  due to  dietary treatment . Fe_cal NDF 
digestibil ities were greater than ileal measures ind ica ting h indgut 
microbial digestion of RDF pas s ing into the large intest ine . 
Correlation coeff icients of ileal NDF d igestibil ity and d ie tary 
concentrations were pos itive for both �ie tary NDF ( P < . O l )  and CF 
(P< . O S ) . Fecal NDF digestibil ity was positively co.rrelated with bo tp 
die tary ADF and ash content (P< . O S) . 
The increase in RDF digestibil ity as die tary NDF increases is 
contrary to the results 'of King "and Taverner ( 1975 ) who r eported 
. , · 
depressed NDF diges tibil ity with increas i�g dietary CF or NDF when 
measured over the entire digestive . tract • . Bawever
·
, they used d iets much 
higher in CF ( 1 5 . 8% )  and d id . not note a response of depr es se4  
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digest ibil ity until  the high CF levels  were fed . Keys e t  al . ( 1970)  fed 
84 kg barrows d ie ts with cel l  wal l ( NDF) content of 1 4 . 5 ,  23 . 4  and 
3 6 . 1% .  They reporteq no diffe rences in NDF digestibil ity over the 
entire tract . 
Ileal and fecal ADF , cel lulose and l ignin digest ibil ity 
differed (P < .O S) due to dietary treacment whil e only the ileal 
digest ibil ity of CF responded (P< . 0 1 )  t o  increased die tary CF . Al l 
digest ib il ities improved with increas ing CF content . Fecal measures 
were greater than ileal d igest ibil ities again suggesting s ignif icant 
microbial d ige s tibil ity in the hindgut . Ileal diges tibil ities of ADF, 
cel lulose and l ignin were negative for diet 1 whil e CF d ige s t ibil ities 
were negative for both diets 1 and 2 .  Negative dige s t ibil ities have 
been reported by a number of research groups ( Southgate and Durnin , 
1 97 0 ;  Keys and DeBarthe , 1 97 4 ;  Hel ler et al . ,  1 9 � ; Kas s e t  al . ,  1 9 8) ; 
Kel say e t  al . ,  1 9 81 ;  S lav in e t  al . ,  1 9 81 ;  Just et  al . ,  1 9 83 ; Slav in et  
al . ,  1 9 83 ; Gr·ahm et al . ,  1 9 86 ) . 
Marlett and Johnson ( 19 85 )  s tated that mo st procedures 
developed to aeasure f iber in feeds wil l recover from digesta , in 
addition to die tary f iber ,  variable and unknown amounts of endogenously 
secreted mucus and bact erial ly syJ;tthes ized exopo.lysac chax:ide s . They 
al so des cribed negative l ignin digest ibil ities t o  be caused by , artifact 
lignin which may contain a s ignificant &ll,lo�nt of nitrogen thus ,. , 
suggest ing erroneous l ignin digestibil ity measures . 
Ileal and fecal ash digestibif it ies were relatively constant and 
d�d not differ (P>. O S )  due t o  dietary tre•tment . 
J!ptrillent 3 
Main ef fect and individual treatment ileal and fecal 
digestibil ity coef flcients are s ummarized in tables 14 and 1 5 ,  
respe ct ively . Correlation coef f icients of ileal and fecal 
digest ibil ities and d ie tary components are provided in table 1 6 .  A 
summary of dige s t ib il ity coef f icients over time is prov ided in table 
17 . 
Data for experiment 3 were analyzed to  t es t  for an NDF*CP 
interaction.  However , the interact ion was not s igni ficant (P> . 0 5 )  s o  
only main ef fect means wil l b e  dis cus sed .  Individual treatment means 
have been inc luded for additional comparison. 
Ileal and fecal DM digestibil ity decreased  ( P < . O OO l )  with 
increased dietary NDF . There was approximately a 1 0% d if fe renc.e in DM 
digest ibil ity due to  increased d ietary NDF. This is in agreement with 
the reports  of Keys et al . ( 1970 ) , Stanogias and Pearce ( 19 85a ) and 
Fernandez and Jorgensen ( 19 86 )  who reported depres sed apparent 
digest ibil ity of DM with increas ing dietary NDF when measured over the 
entire digestive tract . Fecal DM digestibil ities were · greater than 
ileal measures ind ica ting hindgut microbial digestion. There was no 
af fect due to CP content on ileal . or fecal DM digest ibil ity . 
5 9  
Ileal NDF digestibil ity improved (P< . 0 2 )  when dietary NDF was 
increased from 1 0 . 8  t o  23 . 2  x .·· This is in agreement with the resul ts  of 
experiment 2 but does not agree with. . r eport-s of King and Taverner 
. ( 197 5 )  who measur ed d igestibil ity over the entire digest ive tract and 
r�orted a decline in HDF digestibil ity with increased dietary NDF. 
TABLE 1 4 .  MAIN EFFECT ILEAL AND FECAL DIGESTIB ILITY 
COEFFICIENTS (EXP .  3 )  
Neutral 
detergent f iber 
Lo 
Ileal DMb 7 2 . 48 
Fecal DMb 84 . 6 9  
Ileal NDFb 1 0 . 27 
Fecal NDFb 43 . 1 5  
Ileal ADFb 22 . 5 8  
Fecal ADFb 3 8 . 86 
Ileal ce l l� 3 5 . 9 8  
Fecal ce l l  54 . 95 
Ileal hemi� -13 . 85 
Fecal hemi 50 . 53 
Ileal l ig 27 . 1 8  
Fecal l ig 25 . 7 6  
Ileal ashb 3 2 . 3 9  
Fecal ashb 51 . 1 2  
(P<)  Hi 
.000 1 6 1 . 86 
.000 1 73 . 52 
. 0 2  1 6 . 1 8  
. 07 3 6 . 7 2  
.04 17 . 07 
.0004 2 4 . 43 
.03 2 5 . 56 
.0001 3 0 . 9 8  
.000 1 1 5 . 2 9  
5 8 . 80 
2 5 .3 6  
19 .37  
.0001  22 . 6 9  
. 0 2  42 . 7 8  
a Standard error of the me an . b S ignificant ma in ef fe ct . 
Crude 2rotein 
Lo (P<)  Hi 
6 7 . 64 6 6 . 70 
7 8. 7 8  7 9 . 43 
13 . 0 8  13 . 3 7  
37 . 1 8  42 . 6 9  
1 8 . 94 20 . 7 3  
2 8 . 45 .09  34 . 84 
3 0 . 54 3 1 .0 1  
40 . 0 8  . 0 8  45 . 85 
1 .35  . • 0 9  
5 1 . 97 57 . 3 7  
26 . 9 8 25 . 56 
22 . 2 5  22 . 88 
2 5 . 27 .02  2 9 . 80  
46 . 7 1  47 . 2 0  
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SEa 
. 93 9  
. 888 
2 . 503 
3 .3 88 
2 . 622 
3 . 632 
4 . 46 2  
3 . 203 
5 . 707 
5 . 6 91 
3 . 6 06 
4·. 522 
1 . 82 8  
3 . 2 94 
. . 
TABLE 1 5 .  INDIVIDUAL TREATMENT ILEAL AND FECAL 
DIGESTIBILITY COEFFICIENT MEANS ( EXP .  3 )  
Dietar1 treatment 
Crude t ' 
protein ,  % 1 8 . 7  1 8 . 6  24.4 
Neutral de tergent 
fibe r ,  % 1 0 . 8  23 . 2  1 0 . 8  
Ileal DM b 62 . 1 2c b 73 . 1 6b 7 1 . 80b Fecal DM 84. 72 72 . 83c 84 .66  
Ileal NDF 1 0 . 23 1 5 . 93 1 0 . 3 1  
Fecal NDF 3 9 . 44 34 . 91 46 . 85 
I leal ADF 23 . 06
b 
14 . 81 
d 
22 . 1 0
b Fecal ADF 3 6 . 7 9  c 20 . 1 0 . 40 . 94 
Ileal cel l  34 . 73
b 
26 .34 37 . 24 
Fecal cel l  5 1 . 70 28 .45c 58 . 20b 
Ileal hemi -1 6 . 13c 1 8 . 84b -11 . 56 c 
Fecal hemi 43 . 43 60 . 50 57 . 63 
Ileal l ig 26 . 86 27 . 1 0 27 . 51 
Fecal l ig 2 8 . 7 1 1 5 . 80  22 . 81 
Ileal ash 3 l . O lb 1 9  . 54d 33 . 7 6b 
Fecal ash 50 . 70 42 . 7 1  51 . 55 
a . . 
24. 1 
22 . 8  
6 1 . 6 0c 
7 4 . 2 lc 
1 6 .42 
3 8 . 52 
1 9 . 3 5  
d 2 8 . 7 5c 
24 � 7 8  
·3 3  . 5 1 c 
1 1 . 1 5b 
57 . 1 0  
23 . 6 1  
22 . 94 
25 . 84c 
42 . 86 
b Dtandard error of the mean . c Means with in the same · row with uncommon supe rs cr ipts  · 
differ (P< . 0 5 ) . 
6 1  
SE8 
. 948 
. 893 
2 . 5 41 
3 . 427 
2 . 6 17 
3 .6 69 
4 . 521  
3 . 2 53 
5 . 703 
5 . 5 53 
3 . 646 
4 .440 
1 . 83 0  
3 .348 
. ' .  
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TABLE 1 6 .  CORRELATION COEFFICIENTS OF DIETARY COMPONENTS AND 
RESPECTIVE COMPONENT DIGESTIBLILITY ( EXP .  3 )  
Diet&[! com�onents 
t .  Hemi 
CP NDF ADF Cel l  Lignin cel l  Ash 
Ileal DM . 065  � . 9 96** - . 997** - . 9 97** - . 91 5  - . 991 ** - . 142 
Fecal mt . 064 - . 9 97** - . 994** - . 995** - . 862 - . 9 99** - . 149 
Ileal N - . 3 54 . 6 14 . 624 . 626 . 6 81 . 5 97 - . 247 
Fecal N . 5 59 - . 849 - . 834 - . 846 - . 563 - . 87 3  . 3 70 
Ileal RDF . 647 - .496 - .495 - . 504 - . 445 - .4 94 . 5 58 
Fecal NDF . 639 - . 647 - .644 - . 653 - . 540 - .6 5 1  . 5 13 
Ileal ADF - . 445 . 033 . 0 44 .047 . 1 80  . 0 14 - . 46 6  
Fecal ADF . 50 5  - . 8 87 - . 877  - . 886 - . 664 - . 90 2  . 3 1 5  
Ileal ce l l  . 0 83 - . 97 8* - . 9 81** - .  9 81 ** - . 93 l  - . 96 9* - . 1 15 
Fecal ce l l  - . 1 3 9  - . 881 - . 875  - . 874 - . 706 - . 8 91 - .339 
Ileal lig , - . 423 - . 570  - . 596 - . 583 - . 872 - . 523 - . 513 
Fecal l ig . 600 - . 7 50 - . 745 - . 754 - . 6 09 - . 7 57 . 448 
Ileal hemi - . 07 4 . 9 83** . 97 8*  . 9 8>** . 814  . 990** . 140 
Fecal hemi . 1 5 9  . 811> . 874 . 873 • 7 13 . 888 . 3 57 
Ileal ash . 446 - . 903 - . 890 - . 899 - . 633 . 924  . 246 
Fecal ash - . 6 9 5  . 2 92 . 2 92 .301  . 26 7  . 2 91 - . 6 50 
* (P < . 05) . 
** (P< . O l ) .  
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TABLE 1 7 . EFFECT OF TIME ON ILEAL AND FECAL · DIGESTIBIL ITY 
COEFFICIENTS OF YOUNG WEANED P IGS ( EXP .  3 )  
Period 
SEb 1 .  2 3 4 
Ileal DM 66 . 3 1  6 7 .41 66 . 92 6 8 .03 . 948 
Fecal DMc 7 5 . 27 77 . 7 9  82 . 0 1  81 . 3 6  . 893 
Ileal NDF 9 . 42 1 0 . 89 17 .48 1 5 . 1 1  2 . 541 
Fecal NDFc 3 1 . 1 2 3 6 . 2 5  48.42 43 . 92 3 . 427 
Ileal ADFc 1 2 . 14 1 9 . 73 21 . 1 5  26 .30  2 . 6 17 
Fecal ADFc 1 9 . 2 5  2 5 . 90 42 . 83 3 8 . 60 3 . 6 69 
Ileal Cel 2 5 . 6 1  30 . 23 32 . 66 3 4 . 59 4 . 52 1  
Fecal Celc 3 0 . 1 2  3 8 . 33 53 . 88 49 . 53 3 . 2 53 
Ileal Hem 2 . 7 5  -4 . 7 6  10 . 16 -5  • .  2 5  5 . 7 03 
Fecal Hem 5 1 . 24 5 5 . 1 1  5 8 . 6 1 53 . 7 1  5 . 5 53 
Ileal Ligc 1 7 . 7 0  3 1 . 6 6  21 . 7 1  34 .00 3 . 646 
Fecal Ligc 1 2 . 7 0  20 . 6 9  2 9 . 7 9  27 . 0 8- 4 . 440 
Ileal Ash 27 . 4 8  2 9 . 1 9 2 5 . 7 9  27 . 7 0  1 . 83 0  
Fecal Ashe 3 8 . 73 43 . 56 51 .60  53 . 92 3 .348 
: Periods were 7 d duration. 
Standard e rror of the mean . c Means differ within 4 wk experiment (P < .0 5 )  • . · 
However , fecal NDF digestibil ity did decrease (P< . 07 )' due to  elevated 
dietary HDF concentration. Stanogias and Pearce ( 19 85a)  r eported 
s imil ar results us ing different types and dietary concentrations of 
fiber . No difference s  ( P > . O S )  were noted for the ileal and fecal 
digestibil ity measures of HDF with respe ct to die tary CP content . 
Ileal and fecal measures of ADF, ce l lulose and ash 
digest ibil ity decreased (P< . OS)  when die tary NDF concentration was 
increased from 1 0 . 8  to 23 . 2% . Fernandez and Jorgensen ( 19 86 )  reported 
similar results  t o  increas ing dietary NDF stating that the 
digestibil ity of nutr ients consistent ly decreases  with increas ing 
dietary f iber content . These results are contrary to the results o f  
experiment 2 in wh ich digestibil ities improved with increas ing d ie tary 
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CF content" . However , a different array of f iber ( soybean meal-sunf lower 
meal mixture vs sunf lower meal ) was used in this experiment which may 
exp lain some differences noted be tween the experiment s . Fernandez and 
Jorgensen ( 19 86 )  s ummarized reports of the digestibil ity of various 
fiber types and their impact on die tary component digestibil ities and 
reported differences in digestibil ity -due to type of f iber ·fed . 
Dietary CP content influenced fecal digestibil ity of ADF 
(P< . 0 9 )  and cel lulo se (P< .08)  whil e. il eal ash diges tibil ity improved 
(P< .02)  with increas ing die tary CP . These results  are s imilar to tho se 
. .  
of experiment 1 in which ADF, cel lulose and . ash digestibil ities 
improved with incr eas ing dietary CP. No exp lanation can be proyided for 
the improvement in digest ibil ity other than the possibil ity of a more 
opt i� media for the hindgut microbes . Thus , greater hindgut microbial 
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activity could oc cur . 
Ileal hemicel lulose digest ibil ity was negative when me asured in 
pigs consuming the low NDF die t and was lower (P< . O OO I )  than the 
digestibil ity of NDF in pigs fed the high NDF die t .  It is interes ting 
to note that al l negative digestibil ities throughout al l three 
experiments have occurred in low f iber die ts . It would  appear that die t  
compo sition certainly plays a role i n  the fact or responsible for the 
erroneous digest ibil ity coef ficients . 
No dif ferences (P> . O S )  were noted for fecal hemice l lulose or 
ileal or fecal l ignin� d igest ibil ities due to dietary NDF· concentration. 
Also,  no response (P > . 0 5 )  due to dietary CP was noted · for ileal or 
fecal hemice l lulose and lignin digestibil ity . 
It is interest ing to  note the improvement in diges tibil ity of 
certain dietary components over time . Fecal DM, NDF, ADF, ce l lulose , 
l ignin and ash al l increased ( P < .0 5 ) as the experiment progres sed from 
start to  f inish . I leal ADF and l ignin digestibil ities a l so increas ed 
with time (P< . 0 5 ) . It  would appear that dur ing this experime nt the 
intestinal microf lora is developing the capacity for increased hindgut 
digestion. This may exp lain variation be tween r�s ults of o thers who have 
reported resul t s  from older pigs with f lour ish ing · h indgut microf lora and 
our experiments with young
. 
weaned p igs . It also br ings t o  que s t ion the 
point of time ( age ) which it becomes import�n� to measur e  d igestibil ity 
at the il eum. If h indgut digestion of nutrients does not. play _a ma j or 
role until a certain t ime there is no need for meas urement at  the 
term�nal ileum. This is in agreement with Walker et al . ( 19 86b ) . who 
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studied ileal and fecal digest ibil ities of protein s ources us ing the 
young weaned p ig and found l it t le difference in diges tibil ity between 
the two measur es . P �gs used by Walker et al . ( 19 86b )  were s imilar in age 
( approximately 3 0  d )  to pigs used in our experiments . 
In conc lus ion, it appears that the young pig ce rtainly has the 
capacity for limited f iber digest ibil ity . The depres s ion in DM 
d igestibil ity with increased dietary f iber is a concern and die tary 
fiber concentrations should be narrowed t o  f ind an opt imum level of NDF 
so as to not adverse ly af fect DM digestibil ity . However ,  DM 
digest ibil ity was not depres sed in die ts containing up to  8 . 3% CF 
( 24 . 5% NDF) in experiment 2 .  There does appear to be same ut il ization 
of NDF by the young p ig and the digest ibil ity , contrary to o ther 
reports , · improves with increas ing dietary NDF. This may be inf luenced 
by the type of f iber use d in experimental diets . In experiment 3 ,  CP 
had es sential ly no ef fect on DM or f iber fract ion diges t ibil it ies . It 
would appear ,  judging from the results of experiments l . and 3 ,  that 
dietary CP can be decreased with ' proper amino ac id supplementation to 
levels below recommended concentrations (at leas t 1 7 . 2% )  for the young 
weaned p ig without adverse ly af fecting digest ibil ities of the die·tary · 
components measured here . 
'•: , .  
" , · 
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Effects of Dietary Crude Protein and Fiber Content ou the Diaeatibility 
of llitrogen and Aai.Do Acids in Diets for Young Weaned Pya 
BDerillent 1 
Ileal and fe�al nitrogen and amino acid digestibil ity 
coefficients  for p igs fed diets vary ing in CP content are summarized in 
tables 1 8  and 1 9 , respe ctively . 
Both ileal ( P < . 0002) and fecal ( P < . 004) nitrogen 
digestibil ities differed in response to increas ing die tary CP content . 
Nitrogen digestibil ity measured at the terminal ileum increased (P < . 0 5 ) 
linearly due to increas ing die tary CP . Nitrogen digest ibil ities have 
been reported to improve with increas ing dietary CP (Armstrong and 
Mitchel l ,  1 95 5 ;  Sauer et al . ,  1 980 ) . Also , fecal nitrogen diges t ibil ity 
was greater than il eal me asures ind ica ting microbial digest ion of 
remaining . nitrogenous compounds . Sauer and Ozimek ( 1 9 86 )  r epor�ed an 
average difference between ileal and fecal nitrogen digest ibil ities t o  
be approximately 6 . 5% .  Our average for th is expe riment i s  approximately 
5 .3% . The variation be tween the two may be exp lained by considering the 
amount of microbial dig.est ion occurring be tween the more ma ture pigs 
used by Sauer and Ozimek ( 1 9 86 )  and o�r young weaned p igs . 
In general , ileal amino ac id digest ibil ities improved due to 
increas ing dieta1ry CP . Ileal diges�ibil ities of leucine and as partic 
ac id increased in a l inear ( P < . 0 5 )  fashion whil e glutamic acid , 
glyc ine , serine and tyro sine responded linearly ( P < . O S) and 
quadratical ly ( P < . O S ) . Isoleucine , pheny l.alanine , threonine , valine and 
alanine digestibil ities al l differed (P< . 0 5 )  due to  die tary treatment . 
It is inte rest ing to note that lys�ne digestibil ity did not 
6 8  
TABLE 1 8 . ILEAL NITROGEN AND AMINO ACID DIGESTIB ILITY COEFFICIENTS 
OF PIGS FED DIETS OF VARIOUS CRUDE PROTEIN OONTENT ( EXP .  1 )  
. . 
Dietary crude 
protein, % 
Dietary crude f iber , % 
Nitrogend 
Amino ac ids 
Indispensable 
Arginine 
Histidine 
Isoleuc!ne 
Leuc ine 
Lysine 
Phenylalanine 
Threonine 
Valine 
Dispensable 
Alanine 
Aspartic ac idd 
Glutami8 ac id
de 
Glyc ina 
e 
Serine e 
Tyro sine de 
a 
1 
1 2 . 8  
8 . 2  
6 8 . 7 7c 
88. 27 
70 . 17 
7 1 . 85c 
7 1 . 1 5c 
6 9 .33  
7 9 .  72c 
72 . 50c 
74 . 6 1c 
6 8 .3 1c 
7 7 . 06� 
• 85 . 06b 6 8 . 55b 74 . 42 
57 . 1 9c 
Treatment 
2 3 
17 . 2  20 . 8  
8 . 5 8 . 6 ( P < )  
72 . 7 5b 7 5 .37b . 0002 
88 . 89 8 8 . 96 
73 . 1 9
b 
7 9 . 5 8
b 81 . 1 6b 7 9 . 54b 
. 06 
7 8 . 93 7 9 . 1 2  . 009 
.67  . 22
b 
6 8 . 44b 86 . 95 86 . 96
b 
. 0 1  
72 . 50� 76  . 93b .
• 04 
81 . 26 82 . 7 9  . 0 2  
b b 74.32
b 
74 . 56
b 
. 0 1 
81 . 33 80 . 53b 
. 0 3  
7 8 . 52c 86 .o5b . 0 002 5 9 .08c 69 .08b . 0 002 69 . 53� 7 6  . 9lb . 0 1  87 .44 85 .32  .001  
b Standard error of the mean. 
d
e Means within the same row with uncommon supers crip t s  differ . 
Linear response ( P < . OS) . · · e Quadratic response (P< . 0 5) . 
SEa 
1 . 1 2  
1 . 089 
3 . 5 57 
2 . 671  
1 . 83 0  
3 .3 9 9  
1 . 820 
1 .3 73 
1 .7 19 
1 . 433  
1 .037 
. 922 
1 .374 
1 . 222 
4 . 88) 
TABLE 1 9 .  FECAL NITROGEN AND AMINO ACID DIGESTIBn. ITY COEFFICIENTS OF 
PIGS FED DIETS OF VARIOUS CRUDE PROTEIN CONTENT ( EXP .  1 )  
D ietary crude 
protein, % 
Dietary crude f iber , % 
Nitrogen 
Amino acids 
Indispensable 
Arginine 
Histidinee 
Isoleucine 
Leucine 
Lysine 
Phenylalanine 
Threonineet 
Val ine 
Dispensable  
Alanine 
Aspart ic acid 
Glutamic
f
acidef 
Glycine: 
Serinee 
Tyrosinee 
1 
1 2 . 8  
8 . 2  
92 � 85c 
7 9 . 57c 
72 . 27 
7 7 . 26c 
7 6 . 14c 
80 . 57 
7 5 . 0 5c 
7 5 . 83c 
7 1 . 91 c 
7 8 . 2 5c 
89 . 7 9� 
82 . 1 6 
81 . 6 6c 
44 .76c 
Treatment 
2 
1 7 . 2  
8 . 5  
92 . 64c 
87 . 82c 
77 . 89b 81 . 72 
. 80 . 89c 
86 . 44 
7 1 . 56� 
82 . 1 8  
b 7 5 . 5 8
b 84 . 3 6  d 84 .09 
7 5 . 0 2� 
7 6 . 23
b 7 7 . 81 
3 
20 . 8  
8 . 6  
b 9 5 . 7 7
b 86 . 7 5  
81 . 94b 83 . l l
b 88.34 
88. 44b 80 . 89b 85 .63  
a . 
( P < )  
. 004 
. 0 2  
. 02 
. 0 5  
. 001  
. 0 5  
. • 0 5  
. 03 
. 06 
. 009 
. 009 
. 0001 
. 0 1  
. 002 
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. 875 
. 7 2 5  
1 . 7 77 
3 . 26 6 
1 . 3 92 
1 . 922 
· 1 . 83 5  
1 . 7 13 
1 . 840 
2 . 2 43  
1 .3 54 
. 91 3  
1 .0 45 
1 .035 
5 . 91 6 
b 9tandard error of the mean. . . c Means within the same row with uncommon supers cr ipts differ . 
� Linear response ( P < . 0 5 ) � · 
Quadratic response ( P< .0 5) . 
vary (P < . OS )  across  treatments . This may be caused by. the 
supplementation of L-lys ine HCL to the die ts to _ma intain equal die tary 
lys ine content . Supp�ementation of the crystal line lysine was greatest 
for die t 1 and least for diet 3 .  The digestibil it ies we would expe ct 
without this addition ( judging by the pa ttern of other amino ac id 
digestibil ities in this experiment ) would be lowest for diet 1 and 
greatest for die t  3 .  However, crystal line or "free" amino acids are 
as sumed to be 1 00% d igestible , thus masking any obvious differences in 
digestibil ity acro s s  treatments . 
Threonine and isoleucine were al so supp lemented t o  the low 
protein diets in a free form of the amino acids . However ,  apparent 
isoleucine diges t ibil ity does not appear to have been enhanced by the 
readily digestible free form of the isoleucine . P igs fed d ie t  1 ,  which 
contained crystal line L-isoleucine , had the lowest isoleucine 
digest ibil ities . 
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Glycine digeatibil ities were somewhat lower than the average of 
the other amino ac ids . This may be exp lained by the fact that glycine 
is a part of the bile salt hyocholic  �cid . Thus , when. �stimating 
apparent glycine digestibil ity the value appears to be low due t o  · 
endogenous contribution of glycine ( Low,  1 97 9 ) . Other amino ac ids 
sugges t ed to be affected by endogenous secretions are aspa rtic · ;acid,  
serine , threonine and alanine , · · al l part of  porc ine pancreati c j uice . . . . 
Also , porcine intes t iual mucus was reported . to _contain
. 
s ignificant 
-quantities of threonine ( Low ,' 1 97 9 ) . ;Endogenous f low has been 
reporte4 by Low to be constant across  a wide range of CP intake . 
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The large variation in tyrosine digestibil ity may b e  exagerated 
between pigs fed die t  1 and diet 2 because of variation . in tyrosine 
ana lysis . Digesta s•mples contained smal l amounts of tyro s ine and 
integration of the tyros ine peak , espe c ial ly of the low pro tein 
samples , was diff icult . Thus , the large difference in tyro s ine 
d igestibil ity may be due more to variation in analys is  than in reponse 
to a low protein die t .  
Sauer e t  al . ( 19 80 ) suggested that improved nitrogen and amino 
acid digestibil ity with increased d ietary CP is due t o  increased 
endogenous secr etion. They stated that endogenous secretions are 
proport iona l to DM intake so that at lower dietary CP concentrations 
the endogenous nitrogen accounts for a larger proportion of the 
nitrogen -measured . Thus , at equal DM intake apparent nitrogen . 
digestibil ities of lower CP diets would be depres sed more than those of 
high CP diets . 
The fact that amino acid d igest ibil ity is greater than nitrogen 
digestibil ity has been exp lained by Sauer et al . ( 19 80 ) . They reported 
the difference to be due to  CP containing lower nitrogen compounds , · 
which are les s digestibl e . Therefore ,  total nitrogen d igestibil ity 
coef ficients are les s than coef ficients for amino ac ids which are only 
a port ion of the total dietary nitrogen. 
Fecal am ino acid diges'tibil ities al l -diffe red ( P < .0 5) due . to _ 
dietary CP content with the· except ion of - isoleucine wh ich increased 
· numerical ly but not statistical ly ( P >- _- 0 5 ) . Fecal isoleucine 
digest ibil ity is s imil ar to ileal digestibil ities and is ·s light ly les s 
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than ileal meas ures for pigs fed diet 2 .  This indica tes a net synthes is 
of isoleucine between the ileum and the fece s . Low ( 19 7 9 )  r eported 
increased relative conc entration of isoleucine , due to  microbial 
activity in the h indgut , when comparing ileal digesta and feces . This 
explains a lower apparent fecal digestibil ity of is oleucine which 
compares c lose ly with il eal digest ibil ity measures of isoleucine . 
Simil ar ef fects can be noted with the relatively close ileal and fecal 
digestibil ity coef f icients of pheny lalanine , threonine , val ine and 
tyrosine . 
Fecal histidine and tyrosine digestibil ities improved linearly 
(P < . O S )  while threonine , · glutamic ac id ,  glycine and serine r esponded 
linearly ( P < . 0 5) and q uadrati cal ly ( P < .O S )  to increas ing d ietary CP . It 
is interesting to note that gly cine digest ibil ity , which at the ileum 
was much lower than the average ileal amino acid d iges tibil ity is 
within the "norma l "  range of digestibil ity when measured . in the feces , 
indica ting s ignif icant hindgut microbial act ivity . 
The gene ral increase in amino ·acid digestibil ity over 
increas ing die tary CP level has been_ reported by Just ( 197 9 )  who fed 
growing pigs die ts containing 17 , 24 and 33% CP and noted improved 
amino acid diges t ibilities . 
In this experiment , it would appear that al l indispenSable 
amino acid digestibilities  are· maximized at  1 7  . 2·% die tary CP , ex�ept . 
threonine which continue d  t o  increase (P< . 0·4) t o  the 2 0 . 8% d ie tary CP 
· content . Also , the ileal digestibil it1es  of the dispensable amino ac ids 
alanine , aspartic acid and tyros ine were_ maximized at 1 1 . 2% dietary CP 
whereas glutamic acid , glycine and serine continue d t o  increase in 
digestibil ity to 20 . 8% d ietary CP . 
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Differences ,be tween ileal and fecal nitrogen and amino acid 
digestibil ities suggest the need for studying amino acid 
digest ibil ities at  the terminal ileum for a more accurate measur e .  This 
is in contrast t o  the report of Walker et al . ( 19 86b )  who suggested 
fecal amino acid digest ibil ity measures to be as accurate as il eal 
measures . However,  they fed young weaned pigs , s imilar in age and 
weight to ours , highly digestible diets . Diet compo s it ion may have 
played a role in the variation between the two experiments . 
Boeriaeut 2 
Ileal and fecal digestib il ity coefficients for nitrogen and 
amino acids of p igs fed die ts varying in CF content are summarized in 
tables 20 and 2 1 , respe ctively . 
Although ileal and fecal nitrogen digest ibil ity co ef f icients 
decreased approximately 4 and 2% , respe ctively , no s ta ti s t i cal 
difference (P> . O S )  occurred due to increas ing dietary CF content . 
Depress ion of CP d igest ibil ity , both _at the ileum and over the entire 
digestive tract of growing-f inish ing p igs due to eleva ted d ie tary . f iber 
has been reported ( Just , 1 97 9 ;  Sa�er et  al . ,  1 9 80 ; Saue r and Ozimek, 
1 9 86 ) � Walker e t  al . ( 19 86b )  fed young weaned p igs ( approximately 30 d 
old )  h ighly diges t ible die ts ( casein, isola_ted soy protein, ethanol 
extract ed soy protein) and reported depressed ileal and· fecal 
digest ibil ity of nitrogen when p igs were fed a s oybean meal based die t 
of greater CF content . 
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TABLE 20 . ILEAL NITROGEN AND AMINO ACID DIGESTIBILITY COEFFICIENTS 
OF P IGS FED DIETS OF VARIOUS CRUDE FIBER CONTENT ( EXP .  2 )  
. . 1 
Dietary crude 20 . 9  
protein , % 
Dietary crude f iber , % 5 .4 
Nitrogen 70 . 97 
Amino acids 
Indispensablf 
84 . 26c Argininee 
Histidineef 7 1 . 3 0� 
Isoleucine 7 5 .3 7b Leucine
£ 
74 . 1 3  
Lys inee 69 .67� 
Pheny lalanfne 81 . 1 1b Threoninee 63 . 86b
c 
Val ine 72 . 1 9  
Dispensable 
Alanine 64 . 6 9b Aspartic acid:£ 6 9 .3 7b Glutamic a c id 7 8 . 97 
Glyc ine 60 . 5 9  
Serine 66 . 6 9  
Tyrosine 80 .3 7  
a 
Treatment 
2 
20 . 8  
8 . 3  
6 9 .6 1  
b 89 .28b 7 7 . 87 
7 1 . 6 1  be 
7 1 . 64:c 
7 5 .45b 7 9 .41b 67 . o s
b 6 9 .28  
5 9 . 62b 72 . 53b 80 . 22 
62 . 1 2  
6 8 . 6 8  
81 . 1 0  
3 
2 1 .0 
1 1 .7  (P<)  
6 6 . 9 8  
81 . 56c . 0 1  
6 8 . 6 1c . 006 
66 . 84c . 007 
6 7  . 94� . 009 
63 . 26 . 03 
7 4 . 3 6c . 0 4  
5 9 .  93c . 0 1  
59 . 3 5C · .  . 00 5  
5 8 . 7 7  
63 .04c . 00 8  
7 4 . 6 1c .03 
5 5 . 6 0  
64 . 7 0  
77 . 23 
b fttandard error of the mean . c Means within the same row with 
: Linear response ( P < . O S ) . 
uncommon supers cr ipts 
Quadratic response (P< . O S ) . 
SEa 
2 . 203 
1 .3 06 
1 .444 
1 . 929 
1 . 445 
1 . 7 73 
1 . 6 15 
1 . 808 
2 . 1 55 
2 . 822 
1 .46 8 
1 .335 
2 . 40 5  
1 .607 
3 . 706 
differ . 
7 5  
TABLE 2 1 . FECAL NITROGEN AND AMINO ACID DIGESTIB IL ITY COEFFICIENTS 
OF P IGS FED DIETS OF VARIOUS CRUDE FIBER CONTENT ( EXP .  2 )  
Treatment 
1 2 3 
Dietary crude 20 . 9  20 . 8  2 1 . 0  
protein, % 
s� Dietary crude f iber , % 5 . 4  8 .3  1 1 . 7 ( P < )  
Nitrogen 7 8 .30  7 6 .42 7 6 .3 5  1 . 853 
Amino acids 
Indispensable  
Arginine 89 . 6 8  89 . 3 6  87 . 47 . 76 8  
His tidine 83 .3 9 83 . 54 81 . 89 1 . 149 
Isoleucine 73 .48 6 8 . 88 6 8 . 44 1 . 9 99 
Leucine 76 .73b 7 4 . 50b 7 3 . 6 3  
1 . 501  
Lys ine 7 7 . 86 7 5 . 5 8  70 . 9 9c . 04 1 . 495 
Phenylalanine 80 . 40 7 9 .6 1  7 8 . 3 8  1 . 46 5 
Threonine 70 . 0� 7 2  .35b 6 7 . 40 1 . 7 42 Val ine 7 5 . 40 72 . 06 63 .34c . 02 2 . 43 6 
Dispensable 
Alanine 6 9 .24  66 . 93 63 . 6 0  1 . 9 93  
Aspartic acid 7 6 . 27 7 6 . 85 72 . 0 9  1 . 572  
Glutamic acid 86 . 81 86 . 82 85 . 1 6  . 82 9  
Glycine 7 9 . 2 5  7 8 . 81 7 7 . 23 1 . 57 1  
Serine 7 8. 0 2  7 8 . 3 0  7 5 . 89 1 . 266 
Tyrosine 64 .43 7 3 . 2 9  73 . 44 3 . 90 8  
a the mean . b Standard error of c Means with in the same row with uncommon supers cr ipts differ . 
,. , · 
. . 
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Fecal nitrogen output , which would certainly . inf luence ap.pa rent 
fecal nitrogen digestibil ity has be en reported t o  be af fect ed by the 
type and amount of ca rbohydrate pres ented to the microf lora of the 
. 
large intest ine . Mosenthin e t  al . ( 19 86 )  and Misir and Sauer ( 19 82 )  
reported increas ed fecal nitrogen output when starch or o ther 
fermentable carbohydrates were infused into the . cecum. They reported 
that a large por tion of the nitrogen output was of microbial or igin 
thus largely inf luenc ing apparent nitrogen diges tibil ity es timates . 
Mis ir and Sauer ( 1 9 82 ) suggest ed that increased bact erial protein 
synthes is , us ing gut ammonia or iginating from the breakdown o f  dietary 
CP , decreased the amount of gut ammonia abs orbed and eventual ly 
excreted in the ur ine so  th$t t otal nitrogen balance remained equal . 
This may exp lain the less dras tic decrease in fecal nitrogen 
digestibil ity as CF increases  from 5 . 4 to 8 . 3% as compared to ileal 
digest ibil ity differences between similar diets . 
In general , amino acid digestibil ities dec lined with increas ing 
dietary CF content . Ileal arginine , histidine , lysine , threonine , 
aspartic acid and glutamic acid dige�t ibilities responded quadrati cal ly 
(P < .O S) t o  CF content with the highes t digestibil ity co ef f icients . in 
pigs fed die t  2 ( 8 .3% CF ) . Diet compos ition of diet 2 is such that a 
relatively high f iber ,  low protein sunflower meal is mixed wit� a 
relatively low f iber ,  high protein sunf lower meal . Diet 1 is composed 
of only one sunf lower meal . However , . fiber in al l diets. is s upplied by 
. sunflower meal and CF and NDF levels in die t 2 are intermediate to  
diets 1 and 3 .  Therefore no exp lana tion can be prov ided for the eleva ted 
ileal amino acid digestibil ities when pigs were fed 4 ie t  2 .  
Glycine , serine , alanine , aspartic acid and threonine 
digest ibil ities were.  lowest among the ileal digestibil ity coef f icients 
again supporting the reports that these amino ac ids are secreted into 
the Bmal l intes t ine as porcine pancreatic juice , hyocho lic  acid and 
porcine intestinal mucus ( Low ,  1 97 9) . 
Fecal amino acid digestibility did not diffe r  (P< . 0 5 )  due t o  
various dietary CF content other than �epres sion o f  lys ine (P< . 04) and 
valine (P< . 0 2 )  d igest ibil ities which occurred with increas ing die tary 
CF . The quadratic digestibil ity ef fect noted with many of the amino 
acids at the il eum was not ev ident when measured at the · fece s . Only 
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BmAl l differences were noted between fecal and il eal d igest ibil ities of  
isol eucine , pheny lalanine and val ine due to microbial contr ibut ion of  
� 
these amino acids in the hindgut thus depres s ing appa rent feca� 
digest ibil ities ( Low ,  1 97 9) . Fecal tyrosine digestibil ity was � up to 1 6% 
les s than ileal measur es . Low ( 197 9)  reported increas e d  tyrosine 
concentration in the fece s  of 3 0  kg pigs and suggest ed it was due to  
microbial act ivity . Sauer and Ozimek _ ( l 9 86 )  reported that when feeding 
elevated f iber diets bacterial amino acid contr ibution to the fec�s 
would increase due t o  the physica� nature of the digesta progres sing 
down tbe large intes tine . Because greater numbers of bact eria . in· the 
feces would increase relative aai"no acid concentration· in the feces 
digest ibil ities would appear to be low. · Therefore ,  this  s upports the 
relatively smal l  differences between the digestibil ities of some amino 
acids when comparing il eal and fecal estimates . . . 
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In this experiment , fecal digestibil ity of .nearly al l of the 
amino acids rema ined s imilar until pigs were fed the 1 1 . 7 %  CF die t .  The 
except ion to  this �ere those amino acids that responded quadratical ly 
at the intermediate CF concentration. Thus , it would appear that the 
young weaned p ig can t olerate elevated ( 8. 3 % )  level s  of CF without 
adverse ly af fect ing nitrogen and amino acid diges t ibil ities . 
bperbaent 3 
Ileal and fecal nitrogen and amino acid d igestibil ity 
coef ficients are summarized in tables 22 and 23 , respe ctively . 
Coef ficients for il eal and fecal nitrogen digestibil ities over time are 
prov ided in tables 24 and 25 , respe ctively . 
Data were analyzed to  test for the HDF*CP interact ion. For some 
est imates of amino acid digest ibil ity there were s ignif icant (P< . O S )  
· interactions s o  individual treatment means are presented . 
Ileal nitrogen digestibil ity was af fect ed by dietary· CP content 
( P < . 03 )  but not dietary NDF concentration ( P > . 05) . Digest ibil ity of 
nitrogen meas ured at the te�inal ileum improved as dietary CP 
increased from. approximately 1 8 . 6  tp approximately 24 . 1% . This response 
is in agreement with the results of experiment 1 and al so with 
experiments using older pigs ( 50 to 70 kg) repo_rted by Sauer et al . 
( 1 980 ) and Sauer and Ozimek/ ( 19 86 ) . Also,  in agreement with these 
results are those of experime·nt 2 where no depres s ion in nitroge_n 
digestibil ity occurred with increased ·d:ie tary CF content . Die tary CF 
content of the exper imental diets in expe riment 3 were approximately 3 . 8 
and 9 .6% for low and high f iber die ts ,  respe ctively . 
TABLE 2 2 .  ILEAL NITROGEN AND AMINO ACID DIGESTIB ILITY 
COEFFICIENTS OF YOUNG WEANED P IGS ( EXP . 3 )  
Dietary crude 
protein, %  
D ie tary NDF , %  
Hitrogene 
Amino acids 
Indispensa b!e 
Arginine 
Histidine de 
Isoleucine 
Leucin� 
Lys ine 
Phenylalaaine 
Threonine 
Val ine 
Dispensable 
Alanine 
Aspa rtic acid 
Glutamis acid 
Gly�in�f Ser:Lne 
Tyrosine 
a 
Treatment 
1 2 3 4 
1 8 . 7  1 8 . 6  24.4 24. 1 
1 0 . 8  23 . 2  1 0 . 8  22 . 8  
70 . 59c 69 . 4l c 74 .34b 74.3 8b 
83 . 93 85 . 44 86 . 62
b 
84 .3 7 
7 4 . 57c 73 . 55c 80 . 40 73 . 85c 
7 7 . 1 1  7 9 . 96 7 9 .3.0 7 7 . 7 5  
7 6 . 1 9b 7 5 . 88b 7 6 . 80b ' 
77 . 3 0  
74. 97 72 . 80 c 7 6 . 91 69 . 5 9c 
7 5 . 53 80 . 03 7 8 .28  77 . 62 
7 6 . 88 73 . 94 77 .22 73 . 7 5  
7 9 . 93 80 . 57 80 . 7 1  7 9 . 0 8 . 
7 6 . 7 1  7 4 . 3 0  74 . 57 7 7 . 5 5  
7 9 . 1 2  7 6 . 40 7 8 . 6 8  7 7 .3 1 
85 . 14b 84. 0 9  
83 
. 1 8b 84. 56 6 8 . 6 6b 60 . 1 4
c 70 .33
b 
59 . 94� 
7 7 . 6 9  7 1 . 52c 76 .09  76 .37  
55 . 62 5 9 .03 73 . 84 75 . 63 
of the mean .  b Standard error 
d
e Means within the same row with uncommon supe rs cr ipts  
Neutral de tergent f iber response ( P < . 0 5 ) . 
� Crude protein response (P< . 0 5 ) . -
NDF * CP ( P < . 0 5 ) . 
( P < )  
. 03 
. 0 1  
. 0 5  
. 000 1 
. 0 1 : 
diffe r .  
' · 
7 9  
SEa 
1 . 1 50 
. 82 5  
1 . 504 
1 . 603 
1 . 3 26 
1 . 83 7  
1 .  7 68 
1 .3 19 
1 .40 5 
1 . 554 
1 . 1 9 9  
. 86 1  
1 . 1 94 
1 .3 3 8  
6 . 7 9 8  
TABLE 23 . FECAL NITROGEN AND AMINO ACID DIGEST IB lliTY 
COEFFICIENTS OF YOUtr; WEANED P IGS (EXP .  3 )  
Treatment 
1 2 3 4 
Dietary crude 1 8 . 7  1 8 . 6  24.4 24. 1 
protein, % 
Dietary NDF, % 1 0 . 8  23 .2  10 . 8  22 . 8  
Nitrogenfg 7 9 . 2 9c 70 . 3 7e 83 . 1 6b 76 . 42d 
Amino acids 
Indisp�n�ab�g 
86 . 1 7c 85 . 7 8c b 85 . s ac Arg1.n1.ne 90 . 1 6
b His tidinefgh 81 .3 8c 7 8 . 62c 7 9 .3 7c 88 . 58
b Isoleuc!ne
fh 7 4 . 90� 72 .07� 79 .60
b 
70 . 89c
d Leucinf 7 8 . 66b 
c 7 5 . 1 0  80 . 89
b 
7 6 . 92c 
Lys ine 81 . 53 73 .43c 82 . 88
b 
6 9 . 6 6c 
Phenylala¥inefh 7 6 .70� 76 .32c 82 .o8
b 
74 . 7 0c 
Threon!ge 7 9 .7 7b 
72 . 3 9c
d 
81 . 76
b 
70 . 0 9c . 
Val ine 80 . 80 c 7 7 . 46c 83 . 57 7 4 . s·9d 
Dispensablf b 7 1 . 86d b 74 . 9l c Alanine 7 9 .3 6
b 
7 8 .40
b Aspartic acid� 84 . 64b 
7 9 . 27 c 86 .46b 7 8 . 47
c 
Glutami� acid 90 .3·2b 86 . 9 9
c 90 . 84b 
87 . 14c 
Glycinf 81 . 4 8b 
7 1 . 7 9� 82 . 9 8
b 
72 . 3 5c 
Serine g 84. 7 9 7 6 .69  85 .34b 7 9 . 80� Tyrosineg 3 7  . 6 5c 41 . 1 2c 73 .03 63 . 0 9  
a . . 
( P < )  
. 04 
. 006 
. 0007 
. 03 
. 0 2  
. 0002 
. 006 
. 0001 
. 0 2  
. 0 5  
. 0001 
. 0001 
. 0001 
. 0004 
. 0001 
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SEa 
. 995 
. 974 
1 . 344 
1 .46 7 
1 . 042 
1 .3 64 
1 . 286 
1 . 174 
1 . 27 7 
1 . 0 54 
. 842 
. 516  
. 872 
. 723 
3 . 6 97 
b Standard error of the mean . 
. 
c de M • h . h . h . f eans w1.t 1n t e same row w1t uncommon supers cr 1pts diffe r .  Neutral de tergent f iber response (P< . 0 5 ) . 
� Crude protein response (P< . 0 5) . -
NDF * CP . 
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TABLE 2 4 .  EFFECT OF TIME ON ILEAL NITROGEN AND AMINO ACID 
DIGESTIBIL ITIES OF YOU!«'; WEANED P IGS ( EXP .  3 )  
Period-
SEb t I 1 2 3 4 
Nitrogen 70 .63  7 3 . 44 7 1 . 42 7 3 . 23 1 . 1 50 
Amino acids 
Indispensable 
Arginine 85 . 7 4  85 .30  84 .33  84. 99  . 82 5  
Histidine 7 5 . 3 6  7 5 . 55 7 3 . 86 7 7 . 6 1  1 . 504 
Isoleucine 7 8 . 47 80 .34 7 8 . 3 7  7 6 . 94 1 . 603 
Leucine 7 6 .37  7 8 . 0 9  75 . 95 7 5 . 74 1 .3 26 
Lys ine 73 . 1 1  7 5 . 80 7 1 .62  7 3 . 7 3  1 . 83 7  
Pheny lalanine 7 8 . 06 7 8 . 3 7  7 7 . 5 9  7 7 . 44 1 . 7 6 8  
Threonine 7 5 . 96 7 6 .24  74 . 97 7 4 .62  1 .3 19 
Val ine 7 9 .30  ' 82 . 34 81 . 06 7 7 . 5 8 1 . 405 
Dispensable 
Alanine 7 5 .37  7 7 . 9 4  7 5 . 55 7 4 . 27 1 . 5 54 
Aspartic acid 7 9 . 1 1  7 9 . 1 1  7 6 . 9 8  7 6 .3 1  1 . 1 9 9 
Glutamic acid 85 . 1 9  85 .41 83 . 91 82 . 4 8  . 86 1  
Glycine 65 . 40 6 6 . 66 62 . 1 2  64 . 91 1 . 1 94 
Serine 7 6 . 7 6  7 6 . 43 74 .09  74 .40 1 .3 3 8  
Tyros ine 66 . 88 6 7 . 6 6  70 . 86 5 8 . 7 3 6 . 7 9 8  
: Periods were 7 d duration. 
Standard error of the mean . 
,. , · 
TABLE 2 5 . EFFECT OF TIME ON FECAL NITROGEN AND AMINO ACID 
DIGESTIB ILITIES OF YOUK; WEANED P IGS ( EXP .  3 )  
Nitrogenc 
Amino acids 
Ind ispensable 
Argininec 
Histidinec 
Iso1eucinec 
Lys inec 
Lys inec 
Phenylalaninec 
Threoninec 
Valinec 
Dispensable 
Alaninec 
Aspartic acidc 
Glutamic acidc 
Glycinec 
Serinec 
Tyros inec 
1 
70 . 91 
81 . 41 
73 . 46 
65 . 7 3  
7 1 .46 
67 . 7 8 
6 8 . 5 5  
70 . 7 7  
74 . 2 9  
70 . 7 8  
7 8 . 40 
87 . 1 0  . 
70 . 24 
7 8 . 99 
3 1 . 1 6  
: Periods were 7 d duration. 
Standard error of the mean. 
Perio� -------
2 3 
7 6 . 6 7  
86 .47 
80 . 9 8  
75 � 3 9  
7 8 . 1 8  
73 . 82 
7 8 .45 
7 5 . 66 
7. 9 . 5 8  
76 . 5 9  
82 . 06 
88.49  
7 5 . 52 
80 . 83 
63 . 87 
80 . 6 9  
89 .3 8 
85 . 2 9  
77 . 7 6  
80 . 5 8  
80 . 81 
81 . 09 
7 8 .33 
80 .46 
7 7 . 56 
83 . 7 9  
89 . 6 8  
80 . 72 
83 . 23 
6 1 . 2 5  
4 
80 . 97 
90 . 44 
88 . 23 
7 8 . 5 8  
81 . 3 6  
85 . 1 0  
81 . 7 1  
7 9 . 2 5  
82 . 0 8  
7 9 . 6 0  
84 . 5 9  
90 .02  
82 . 1 2  
83 . 57 
5 8 . 5 9  
c Means differ within 4 wk experiment (P< . O S ) . 
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. 9 95 
. 974 
1 .344 
1 . 46 7 
1 . 024 
1 . 3 64 
1 . 286 
1 . 174 
1 . 27 7 
1 . 0 54 
. 842 
. 5 1 6  
. 872 
. 723 
3 . 6 97 
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Fecal nitrogen digestibil ity responded t o  bo th dietary CP and 
NDF by improving ( P < . 04) with increased dietary CP and decreas ing 
(P< . 04) with increa�ed dietary NDF content . These r es ults  partial ly 
agree with the r esults of our prev ious experiments in that fecal 
nitrogen digestibil ity improved with increas ing die tary CP in 
experiment 1 but in experiment 2 there was no response t o  die tary CF 
on fecal nitrogen digestibil ity . Also in agreement with these results 
are those of Armstrong and Mitchel l  ( 1955)  and Sauer et  al . ( 19 80 ) . 
They reported improved fecal nitrogen digestibil ity when p igs 25  and 50 
kg , respectively , were fed d ie ts - of higher CP content . The dec line in 
fecal nitrogen digestibil ity caused by elevated die tary NDF is also 
wel l  supported ( Just , 1 97 9 ;  Sauer and Ozimek, 1 9 86 ; Den Hartog et  al . ,  
1 9 88) . True nitrogen digest ibil ity ( exc luding endogenous and bact erial 
nitrogen contribut ion) is most like ly not altered . However , due to a 
greater bacterial nitrogen contribut ion when high f iber diets are fed 
( Sauer and Oz imek, 1 9 86 )  apparent digestibil ity is depr�s sed . 
Ileal diges tibil ity of histidine , lysine , threonine , glycine 
and serine decreased ( P < .0 5) due to �ie tary HDF content . Histidine · 
digestibil ity at the terminal ileum al so responded ( P < . 0 5 )  to  die-tary · 
CP content with improved digestib�l ity . There was an ND�P interact ion 
for ileal arginine and serine digestion. The depres s ion in am·ino acid 
digestibility at the ileum by 'dietary NDF is in agreement with t�e . 
results of Just ( 1 9 7 9 )  and Sauer et  -al � _ · _( 1980 ) .  Improvement in amino 
· acid dige st ibil ity due to increased die tary CP has al s o  been reported 
( Sauer et al . ,  1 9 lK> ; Sauer and Ozimek, 1 �86) . 
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The ileal glyc ine digestibil ity coef f icient was the lowest of 
the digest ibil ity coef f ic ients measured and over the four dietary 
treabDents seemed t o  be lowest when pigs were fed die ts with elevated 
t t 
die tary NDF content . Glycine digestibil ity has been reported t o  be 
depres sed at the ileum because of endogenous glycine ( Low ,  1 97 9) . It 
appears that the ef fect is more pronounced on .high f iber diets possibly 
suggest ing an enhanced f low of en�ogenous material at higher levels of 
NDF . Taverner et al . ( 19 81 )  reported endogenous secretions increased 
linearly with increas ing die tary HDF. This would suppor t the 
hypothes is of more severely depres sed apparent glycine digestibil ity at 
higher die tary NDF content . 
Die tary CP and NDF had more of an impact on the fecal measures 
of amino acid digest ibil ity than those at the ileum. Digestibil ity of 
every amino acid s tudied , except tyros ine , responded t o  increased 
dietary NDF content with a depres s ion (P< . O S )  in dige stibil ity . 
Taverner and Farrel l  ( 19 8l b )  reported h igh negative correlations 
between dietary NDF and amino acid digeet ibil ities . Dietary CP content 
affected fecal serine , histidine a�d tyrosine diges.tibil ity such that 
increas ing die tary CP improved (P< . O S) amino acid diges t ibil ity � This 
is in agreement with the results of experiment 1 and al so with reports 
of Just ( 197 9 )  and Sauer et  al . ( 19 80 ) . 
Interactions (P< .O S ) - of die tary NDF*CP oc curred for arginine , 
histidine ,  isoleucine , phenylalanine ·and val ine . For . . each amino acid 
reduct ion in digestibi�ity occurre�· dUe to dietary NDF but was more 
severe at higher dietary CP content thus caus ing the intera�t ion. This 
appears to be caused by enhanced microbial growth in the hindgut . An 
increased amount of bacteria in the feces  would increase levels of 
arginine , histidine . •  isoleucine , pheny lalanine and val ine so as to 
decrease apparent digestibil ity es timates . 
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A number of the amino ac ids were apparently more completely 
digested at the ileum than when measured in the fece s . Tyrosine 
diges tibil ity was greater at the ileum than fecal meas ures for al l 
die ts fed but the greatest difference be tween ileal and fecal 
digestibil ities were at low die tary CP content . Fecal digestibil ities 
of isoleucine , pheny lalanine , threonine , alanine and aspa rtic acid were 
lower than ileal digestibil ities at h igher dietary NDF · co ntent . Low 
( 1 97 9 )  reported s imilar results of  increas ing amounts of these amino 
acids when sampl ing at the ileum and feces of growing p igs . Low 
attributed the increase to  signif icant hindgut microbial a ctivity . That 
the digest ibil ities are greater on the higher dietary NDF concentration 
is understandable because of the possible enhancement of microbial 
act ivity with increased fermentable carbohydrate prese nted to the large 
intestinal microbes (Mosenthin et a� . ,  1 9 86 ) . 
There was an interest ing ef fect due to time with r espe ct . to 
nitrogen and am ino acid digestibil ity . No differences ( P < . O S) in 
nitrogen or amino acid digestibil ities were noted ove r  the 4 wk· period 
when digestibil ities were measured at  the ileum� HoweVer ,  when studying 
nitrogen and amino ac id digestibil ity over the entire digestive tract 
there is a steady improvement in digestibil ity over time . This would 
certainly suggest  that at the beginning of our experiment intestinal 
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microf lora are not wel l  establ ished but continue to proliferate as time 
pas se s . This has important imp lications in the time when ileal vs fecal 
measurement of nitrogen and amino acids is required for accurate 
digestibil ity est imates . At the beginning of the exper iment ( period 1 )  
digestibil ities o f  nearly al l the amino acids are greater when measured . 
at the ileum . As the experiment progr es sed fecal digestibil ities s l ow ly 
surpas s  ileal meas ures at  equal time . Although this experiment is 
unable to def ine a time period where ileal me asurement is required for 
accurate amino acid d igestibil ity es timates it would appear that a 
three week old weaned p ig may not have a s ignificant intest inal 
microflora . 
In conc lus ion, it appears that ileal nitrogen and amino acid 
digestibil ity is rela tively constant across various die tary f iber and 
CP content . In experiment 2 ,  CF levels of 8 .3% ( 24 . 5% NDF ) d id not 
s ignificant ly reduce digestibil ities and very few of the amino acids 
s tudied had depres sed digest ibil ities due to increas ing d ie tary NDF 
from 1 0 . 8  to 23 . 2% in expe riment 3 .  Crude protein content does not 
appear to l imit amino acid diges tib�l ities at reduced concentrations 
( 17 . 2% ,  exp . 1 )  nor stimulate digestibil ities at elevated ( 24 . 1% )  
level s  a s  in experiment 3 .  Thus , . data suggest that use o f  dietary f iber 
for its possible benef icial aspe ct s  is poss ible as suming adequa te 
me tabol izable energy is availabie .  In these experiment s  increas �ng 
d ie tary CP content prov ided only limit ed benef it to nitrogen and 
es sentia l ly no benef it to  amino acid ·digestibil ity when measured at  the 
il eum .  
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It would appear from these expe riments that . making estimates of 
nitrogen and amino acid digestibil ities at the ileum is important and 
that fecal est ima te' would most likely overestimate apparent 
digest ibility . There is however a def inite variation due to diet 
compos ition that must  be considered when applying fecal digestibil ity 
measures to  apparent digestibil ity . Also , there seems t o  be a time , in 
this experiment the f irst two weeks , where fecal estima tes of amino 
acid digestibil ity would seem to be nearly as accurate as ileal 
digestibil ity measures . 
'
· r · 
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SUIIIWlY 
Three exper iments were conduct ed with the obj ect ives of s tudy ing 
the ef fects of die tary CP and f iber on the digestibil ities of various 
dietary components in diets fed to the young weaned pig .  
In experiment 1 ,  increas ing the die tary CP content improved 
(P < . 0 5 )  digest ibil ities of NDF, ADF, CF , cel lulose , hemice l lulose and 
l ignin both at the terminal ileum and over the entire digest ive tract . 
Digestibil ity of il eal ash , nitrogen, and most amino ac ids improved 
(P< . OJ )  whil e il eal and fecal DM digestibil ities decreas ed t o  1 7 . 2% 
die tary CP then plateaued . Results from this experiment suggest 
increas ing CP above 1 7 . 2% prov ides relatively no benef it to  die tary 
component digest ibil ities . 
In experiment 2 ,  increas ing dietary NDF from 20 . 5  to 3 0 . 5% 
depres sed (P < . 04) ileal DM digest ibil ity but improved (P< . 04) measures 
of ADF, CF , cel lulo se and l ignin digestibil ity . Dietary NDF content did 
not af fect (P > .0 5 )  ileal or fecal nitrogen digestibil ities but t ended t o  
depress amino acid d igest ibil ities (P< . 0 5 )  when die tary NDF was 
increased from 20 . 5  to 30 . 5% .  For al l digestibil ity measures studied a 
plateau seemed to occur at approximately 24 . 5% d ietary NDF.  
In experiment 3 ,  increas ing dietary NDF depres se d .  (P < .0 5 )  ileal 
and fecal  measures of DM, ADF , cel lulose , ash ,  ileal hemice l lulose and 
fecal NDF and nitrogen digestibil ity . Dige�tibil ities  of h is tidine , · · 
. . 
lys ine , glycine . and serine w�re depres sed (P< . • 0 5 )  when measux:ed at the 
· ileum due to dietary NDF but many ( arginine , his tidine , isoleucine , 
leucine , lys ine , pheny lalanine , threonine , val ine , serine and tyros ine ) 
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were depres sed ( P < . 0 5 )  when fecal amino acid diges t ib il ity was studied . 
Increas ing dietary CP content improved (P < . 04) ileal and fecal nitrogen, 
il eal histidine and most fecal amino acid measurements .  
There was an interesting ef fect due to time in that fecal 
digest ibil ities of die tary fractions ( dry matter , nitrogen, al l amino 
ac ids , NDF, ADF, ce l lulo se , lignin and ash) improved with time as 
experiment 3 progres sed .  �owever , the same ef fect was not noted when 
digestibil ities were measured at the il eum .  This ef fe ct is mo st likely 
due to an increase in the microbial population of the large intes tine . 
Results of these experiments suggest that the young weaned p ig 
is able to make limited use of dietary f iber . There appe ars to be a 
depres s ion in die tary component digestibil ities beyond approximately 
24. 5% die tary NDF . However , results of experiment 2 and 3 suggest  source 
of dietary f iber may play a role in its ef fect s on component 
digest ibil ities . Als o ,  dietary CP content appears t o  af fect diet 
I 
digest ibil ity , espe c ial ly at low concentration ( 1 2 . 8% ) . ·Results suggest , 
however ,  that die tary CP may be able to be decreased below r ecommended 
dietary CP content for the young weaned pig without adverse ly affect ing 
die tary component digestibil ities . ·Als o ,  improvements in various die tary 
component digest ibil ities over time suggests the hindgut of the young 
weaned · pig and its inherent microbes are not ful ly functional · at th is 
young age . This brings to  que stion the ti� _period of  which it becomes 
important to use cannulated � igs for - · estimates of appa�ent 
digestibil ity . 
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TABLE 1 .  ANALYSIS OF VARIANCE FOR FECAL 
NITROGEN DIGESTIB ILITY (EXP . 1 ) ' 
Overa l l  ana lysis Polynomial 
of variance regres s ion 
df Mean Square df Mean Square 
I 26 1 6 . 833 26 
8 1 9 . 17 9  8 
2 8 .3 7 5  2 
2 85 . 540 
1 
1 
14 6 . 886 14 
TABLE 2 .  ANALYSIS OF VARIANCE FOR FECAL 
DRY MATTER DIGESTIBILITY (EXP . 1 )  
1 6 . 833  
1 9 . 17 9  
8 .3 7 5  
1 . 57 3  
9 . 6 1 8  
6 . 886 
Overal l analys is 
of variance 
Polynanial 
regres s ion 
df Mean Square 
26 2 . 494 
8 3 . 725  
2 2 . 133 
2 4 . 749 
14 1 .521 
df 
26 
8 
2 
1 
1 
14 
TABLE 3 .  ANALYS IS OF VARIANCE FOR FECAL 
NEUTRAL DETERGENT FIBER DIGESTIBILITY (EXP . 1 )  
Mean Squa re 
2 . 494 
3 . 7 2 5  
2 . 133 
7 . 856 
6 . 7 13 
1 . 52 1  
Overal l analys is 
· 
Polyn�ial 
of variance regres sion 
df Mean Square df ·. Mean square 
26 1 64 .3 94 , 26 1 64 •. 3 94 
8 40 . 824  8 ' 40 . 824 
2 2 5 . 97 7  2 2 5 . 97 7  
2 1 6 88 . 5 81 
14 3 7 . 03 8  
1 
1 
14 
82 . 904  
. 6 60 
3 7 . 03 8  
Source 
Total 
P ig 
P eriod 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
Pig 
·Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
L inear 
Quadratic 
Error 
TABLE 4 .  ANALYSIS OF VARIANCE FOR FECAL 
ACID DETERGENT FIBER DIGESTIBILITY (EXP. 1 )  
Overal l analys is Po lynomial 
of variance regres s ion 
1 04 
df Mean Square df Mean Square 
' 26 1 9 8 .0 55 26 1 9 8 . 0 55 
8 53 • 7 90 8 53 • 7 90 
2 5 . 3 88 2 5 . 3 88 
2 2 1 54.047 
14  27 . 875 
1 
1 
14  
86 . 2 86 
.008  
27 . 875  
TABLE 5 .  ANALYSIS OF VARIANCE FOR FECAL 
CRUDE FIBER DIGESTIB ILITY (EXP . 1 )  
Overal l ana lys is Polynomial 
of variance regres s ion 
df Mean Square · df Mean Square 
26 1 60 . 632  26 1 60 . 63 2  
8 82 . 889 8 82 . 889 
2 2 5 . 0 50 2 2 5 . 0 50 
2 13 10 . 52.3 
1 4 .026 
1 2 8 . 3 26 
14 60 . 155 1 4  60 . 155 
TABLE 6 .  ANALYSIS OF VARIANCE FOR FECAL 
CELLULOSE DIGESTIBILITY (EXP . 1 )  
df 
26 
8 
2 
2 
14 
Overa l l  analys is 
of variance 
Mean Square 
3 14 . 554 . 
9 8 . 2 96' 
2'7 . 1 68  
3395 ·. 2.32  
39 .089 
df 
26 
8 
2 
1 
1 
14 
Po lynCD� l  
regres's ion 
Mean Square 
314 . 554 
9 8 . 2 96 
27 . 1 68 
5 4 . 57 1  
1 9 . 47 6  
3 9 .089 -
Source 
Total 
P ig 
Period 
Treatment 
L inear 
Quadratic 
Error 
Source 
Total 
P ig 
· Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
P eriod 
Treatment 
Linear 
Quadratic 
Error 
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TABLE 7 .  ANALYSIS OF  VARIANCE FOR FECAL 
LIGNIN DIGESTIB ILITY (EXP . 1 )  · 
Overal l ana lysis Polynomial 
of variance regres s ion 
df Mean Square df Mean Square 
. . 26 65 . 57 7  26 65 . 57 7  
8 1 0 . 43 1  8 10 . 43 1  
2 43 . 227 2 43 . 227 
2 3 94.321  
1 3 8 . 83 7  
1 5 .0 91 
14 53 . 3 1 8  1 4  53 . 3 1 8  
TABLE 8 .  ANALYSIS OF VARIANCE FOR FECAL 
HEMICELLULOSE DIGEST IBILITY (EXP . 1 )  
Overal l analys is 
of variance 
df Mean Square 
26 130 . 904  
8 70 . 644 
2 1 53 . 1 59 
2 5 5 9 . 7 72 
14 1 00 . 893 
TABLE 9 • ANALYSIS OF VARIANCE 
ASB DIGESTIB ILITY (EXP � 
Overal l ana lys is 
of variance 
df Mean Square 
26 97 . 7 7 1  . .  · 
8 . 62 ·. 2 83 
2 9 . 2 1 2  
2 73 . 7 60 
14  134 . 13 1  
df 
26 
8 
2 
1 
1 
1 4  
Polynomial 
regres s ion 
Mean Square 
130 . 904  
70 . 6 44 
1 53 . 1 59 
6 6 . 3 83 
1 1 . 7 5 1  
100 . 893 
FOR FECAL 
1 )  
Polyn�ial 
regres s ion 
· df ·· Mean Square 
26 . ' 97 . 7  71 . 
8 62 . 2 83 
2 9 . 2 1 2  
1 
1 
14  
. . 
145 . 660 
147 .3 7 8  
134 . 13 1  
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
L inear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadrati 
Error 
TABLE 1 0 .  ANALYS IS OF VARIANCE FOR ILEAL 
NITROGEN DIGESTIBILITY (EXP . 1 )  
Overal l ana lys is Po lynomial 
of variance regres s ion 
106 . 
df Mean Square df Mean Square 
26 34 . 3 54 26 34 . 3 54 
8 1 6 . 052 8 1 6 . 0 52 
2 2 9 . 1 7 9  2 2 9 . 1 7 9  
2 27 4 . 1 9 8  
1 94 . 1 06 
1 42 . 9 87 
14 1 1 . 2 89 1 4  1 1 . 289 
TABLE 1 1  • ANALYSIS OF VARIANCE FOR ILEAL 
DRY MATTER DIGESTIBILITY (EXP . 1 ) . 
Overal l analys is 
of variance 
df Mean Square 
26 4 . 9 56 
8 6 . 3 28 
2 1 2 . 447 
2 13 . 1 55 
14  1 . 93 0  
df 
26 
8 
2 
1 
1 
14  
Polynomial 
regres s ion 
Mean Square 
4 . 956 
6 .3 2 8  
1 2 .447 
2 . 534 
. 773 
1 . 93 0  
TABLE 1 2 .  ANALYSIS OF VARIANCE FOR ILEAL 
NEUTRAL DETERGENT FIBER DIGESTIBILITY (EXP . 1 )  
Overal l ana lys is Polynomial 
of variance r egres .s ion 
df Mean Square df Mean Squa re 
26 17 8 . 202 26 . , 1 7 8 . 202 . 
8 . 3 8 . 6 57 8 3 8 . 657 
2 
. 
57 .·3 52 .2 57 . 3 52 
2 1' 96·3 . 2 16 
14 
1 
1 
14 
2 8 . 0 14 
13 . 550 
20 . 205 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Q uadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadrat 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
TABLE 13 . ANALYSIS OF VARIANCE FOR ILEAL 
ACID DETERGENT FIBER DIGESTIBILITY (EXP . 1 )  
Overal l ana lys is Polynomial 
of variance regres s ion 
107 
pf Mean Square df Mean Squa re 
26 2 1 8 . 997 26 2 1 8 . 9 97 
8 22 . 6 83  8 22 .6 83 
2 1 6 . 0 22 2 1 6 . 0 2 2  
2 ' 2 56 9 . 429  
14  2 4 .3 97 
1 
1 
14 
83 . 3 5 2  
1 . 2 57 
2 4 . 3 97 
TABLE 1 4 .  ANALYSIS OF VARIANCE FOR nEAL 
CRUDE FIBER DIGESTIBILITY (EXP . 1 )  
Overal l analys is Polynomial 
of. variance regres s ion 
df Mean Square df Mean Square 
26 1 3 2 . 2 1 0  26 132 . 2 1 0  
8 44 . 1 10 8 44 . 1 10 
2 81 . 096 2 81 . 096 ' 
2 1 23 8 . 57 1  
1 4 . 60 1  
1 ' 85 . 1 27 
14 3 1 . 80 5  14 3 1 . 80 5  
TABLE 1 5 .  ANALYS IS OF VARIANCE FOR nEAL 
CELLULOSE DIGESTIBILITY (EXP . 1 )  
df 
26 
8 
2 
2 
14 
Overal l ana lys is 
of variance 
· Mean Square 
335 . 873  , ' ' 
2 4 . 0'6 7. 
42 . 1 0' 6 
3 893 .3 9 8  
47 . 7 53 ' 
df 
26 
8 
2 
1 
1 
1 4  
Polyn�ial 
regres s ion 
Mean Square 
335 . 87 3  
24 .067  
42 . 1 06 
3 . 030  
. 1 1 8 . 400 
47 . 7 53 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
· Period 
Treatment 
Linear 
Qliadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
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TABLE 1 6 . ANALYSIS OF VARIANCE FOR ILEAL 
LIGNIN DIGESTIBILITY (EXP . 1 )  · 
Overal l ana lys is 
of variance 
df Mean Square 
. 26 3 7 . 0 95 
8 41 . 3 27 
2 1 6 . 985 
2 207 . 490 
14 13 . 207 
df 
26 
8 
2 
1 
1 
14  
Polynomial 
regres s ion 
Mean Square 
37 .095  
41 .3 27 
1 6 . 9 85 
. 049 
7 . 23 8 
13 . 207 
TABLE 1 7 . ANALYSIS OF VARIANCE FOR ILEAL 
HEMICELLULOSE DIGESTIBILITY (EXP . 1 )  
Overal l ana lys is 
of  variance 
df Mean Square 
26 1 97 .3 81 
8 17 1 . 80 2  
2 23 9 .2 86 
2 628 . 53 5  
14  144 .41 8  
TABLE 1 8 .  ANALYS IS OF VARIANCE 
ASH DIGESTIBILITY (EXP ; 
Overal l ana lys is 
of variance 
df Mean Square 
26 80 .666 : 
8 2 1 . 1 20 . 
2 t 2 .3 73 
2 51 8 . 9 88 
14 6 1 . 83 1  
df 
26 
8 
2 
1 
1 
14  
Polynomial 
regres s ion 
Mean Square 
1 97 .3 81 
1 7 1 . 80 2  
23 9 . 2 86 
9 . 87 6  
6 6 . 51 1  
1 44 . 41 8 
' 
. . 
FOR ILEAL 
1 )  
PolynOD:Lial 
r egres s ion 
· df ·. Mean Square 
26 , · 80 �.666 
8 . 2 1 . 1 20 
2 1 2 . 3 73 
1 
1 
14 
262 . 40 1  
145 .304 
6 1 . 83 1  
Source 
Total 
P ig 
Period 
Treatment 
L inear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
L inear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
L inear 
Quadratic 
Error 
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TABLE 1 9 . ANALYSIS OF VARIANCE FOR ILEAL 
ASPARTIC ACID DIGESTIBILITY (EXP . · 1 )  
Overal l ana lys is 
of variance 
df Mean Square 
26 1 8 . 034 
8 2 4 . 80 4  
2 2 1 . 1 59 
2 46 .370 
1 4  9 . 670 
Polynomial 
regres s ion 
df Mean Square 
26 1 8 . 034 
8 2 4 . 80 4  
2 2 1 . 1 59 
1 5 1 . 87 0  
1 . 3 8 . 6 2 5  
1 4  9 . 6 70 
TABLE 20 . ANALYSIS OF VARIANCE FOR ILEAL 
THREONINE DIGESTIBILITY (EXP . 1 ) . 
Overal l  analys is 
of variance 
df Mean Square 
26 27 . 881 
8 42 . 0 22 
2 1 6 . 707 
2 5 8 . 889 
14 1 6 . 96 8  
d f  
26 
8 
2 
1 
1 
14 
Polynomial 
regres sion 
Mean Squa re 
27 . 881 
42 . 0 22 
1 6 . 7 07 
1 6 .3 12 
2 9 . 5 56 
1 6 . 96 8  
TABLE 2 1 . ANALYSIS OF VARIANCE FOR ILEAL 
SERINE DIGESTIBILITY (EXP . 1 )  
df 
26 
8 
2 
2 
Overal l ana lys is 
of variance 
Mean Square . 
33 .744 . 
. 49 .027 . 2 1 . 6 5 8  . 126 � 800 
1 4  13 .443 
df. 
26 
8 
2 
1 
1 
14 
Polynomial 
regres s ion 
. . 
Mean Square 
.33 . 7 44 
49 . 0 27 
2 1 . 6 5 8  
1 9 9 . 1 25 
22 5 . 6 2 5  
13 . 443 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
P eriod 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
1 10 
TABLE 22 . ANALYS IS OF VARIANCE FOR ILEAL 
GLUTAMIC ACID DIGESTIBILITY (EXP . 1 )  
Overal l analys is Po lynomial 
of variance regr es s ion 
df Mean Square df Mean Square 
'26 26 .390 26 26 .3 90 
8 3 1 . 860 8 3 1 . 860  
2 1 1 . 3 83 2 1 1 .3 83 
2 1 50 . 706 
1 2 80 . 87 9  
1 2 97 .041 
14  7 . 648 14 7 . 648 
TABLE 23 . ANALYSIS OF VARIANCE FOR ILEAL 
GLYCINE DIGESTIBILITY (EXP . 1 )  
Overal l analys is 
of  variance 
df Mean Square 
26 3 8 . 767 
8 20 .097 
2 1 9 .463 
2 2 85 . 1 67 
1 4  16 . 992 
df 
26 
8 
2 
1 
1 
14  
Polynomial 
regres s ion 
Mean Square 
3 8 . 767  
20 . 097 
1 9 .463 
549 . 91 9  
. 56 9 .07 6 
1 6 .992 
TABLE 2 4 .  ANALYSIS OF VARIANCE FOR ILEAL 
ALANINE DIGESTIBILITY (EXP . 1 )  
Overal l  ana lys is 
of variance· 
df Mean Square 
26 27 . 83 8  . . 
8 2 5 . 7 8! '  
2 1� . 7 1� 
2 1 1 2 . 740 
14 1 8 .474 
df 
26 
8 
2 
1 
1 
14  
PolynQm�l 
regres·sion 
Mean Square 
2 7 . 83 8  
2 5 . 7  81 
1 6 . 7 13 
7 8 . 847 
49 . 824  
1 8 .474 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
1 1 1 
TABLE 2 5 .  ANALYSIS OF VARIANCE FOR ILEAL 
VALINE DIGESTIB ILITY (EXP . 1 )  
Overal l analys is Polynomial 
of variance · regres s ion 
df Mean Square df Mean Square 
26 37 . 803 26 37 . 803  
8 2 4 . 191 8 24 . 1 91 
2 3 8 . 400 2 3 8 . 400 
2 170 . 1 1 5 
1 7 5 . 3 7 6  
1 · 3 9 . 2 87 
1 4  26 . 595 14 26 . 5 95 
TABLE 26 . ANALYSIS OF VARIANCE FOR ILEAL 
ISOLEUCINE DIGEST IBILITY (EXP . 1 )  · 
Overal l analysis Polynomial 
of variance regres sion 
df Mean Square df  Mean Square 
26 6 7 . 51 8  26 6 7 . 51 8  
8 51 .303 8 5 1 . 3 03 
2 . 46 8  2 . 46 8  
2 222 . 639 
1 242 . 608 
1 1 7 9 . 0 8 8  
1 4  64 . 203 1 4  64 . 203 
TABLE 27 . ANALYSIS OF VARIANCE FOR ILEAL 
LEUCINE DIGEST IBILITY (EXP . 1 )  
df 
26 
8 
2 
2 
14  
Overal l ana lys is 
of varianc·e 
Mean Square 
41 . 442 
- 3 2 . 65 8  
10 . 91 2  
1 86 . 23 1 
30 . 13 8  
. 
df . 
26 
8 . 
2 
1 
1 
1 4  
Poly�omial 
regres sion 
Mean Square 
' 41 • 442 
3 2 . 6 5 8  
1 0 . 91 2  
135 . 0 90 
86 . 53 9  
30 . 13 8  
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
L inear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic  
Error 
1 1 2  
TABLE 2 8 .  ANALYS IS OF VARIANCE FOR ILEAL 
TYROSINE DIGEST IBILITY (EXP . 1 )  
Overal l ana lys is 
of variance 
df Mean Square 
26 3 76 .006 
8 1 90 .022 
2 5 9 . 223 
2 2 566 . 888 
14  2 14 . 554 
Polynomial 
· regres s ion 
df Mean Square 
26 3 7 6 . 006 
8 1 90 .022 
2 5 9 . 223 
1 2280 . 633 
1 1 570 . 970 
14 2 14 . 554 
TABLE 2 9 .  ANALYSIS OF VARIANCE FOR ILEAL 
PHENYLALANINE DIGESTIBILITY (EXP. l )  
Overa l l  analys is 
of variance 
df Mean Square 
26 34 . 063 
8 1 8 . 1 92 
2 4 .03 1 
2 1 57 . 1 81 
1 4  29 . 833 
df 
26 
8 
2 
1 
1 
14  
Polynomial 
regres s ion 
Mean Square 
34. 063 
1 8 . 1 92 
4 . 031  
1 20 .007 
7 8 .337 
2 9 . 833 
TABLE 3 0 .  ANALYSIS OF VARIANCE FOR ILEAL 
LYSINE DIGEST IB ILITY (EXP . 1 )  
Overal l ana lysis 
of variance 
df ·Mean Square · 
26 100 .43 2  
8 . 87 . 7 91 
2 104 . 429 
2 i 22 � 2 17 
1 4  103 . 973 
df 
26 
8 
2 
1 
1 
14 
Polyn�ial 
regres s ion 
Mean Square 
' 1 00 ·. 43 2  
87 . 7 91 
1 04 .429 
3 . 484 
1 6 . 523 
1 03 .973 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic  
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
1 13 
TABLE 3 1 .  ANALYSIS OF VARIANCE FOR ILEAL 
HISTIDINE DIGESTIB ILITY (EXP . 1 )  
Overal l ana lysis Polynomial 
of variance regres s ion 
df Mean Square df Mean Square 
. 
26 1 1 9 . 443 26 1 19 .443 
8 1 17 . 953 8 1 17 . 9 53 
2 7 6 . 1 01  2 7 6 . 1 0 1  
2 207 . 902 
1 1 . 5 53 
1 1 7  . 1 47 
14 1 13 . 849 1 4  1 13 . 849 
TABLE 3 2 .  ANALYSIS OF VARIANCE FOR ILEAL 
ARGININE DIGESTIBILITY (EXP . 1 )  
Overal l ana lys is 
of variance 
df Mean Square 
26 7 . 744 
8 3 . 93 7  
2 8 . 927 
2 1 . 285 
14 1 0 . 675 
df 
26 
8 
2 
1 
1 
1 4  
Polynomial 
regres s ion 
Mean Square 
7 . 7 44 
3 . 93 7  
8 . 927 
. 7 65 
. 4 54 
1 0 . 6 7 5  
TABLE 3 3 . ANALYSIS OF VARIANCE FOR FECAL 
ASPARTIC ACID DIGESTIBILITY (EXP . 1 )  
df 
2 5  
8 
2 
2 
13  
Overal l ana lys is 
of variance 
Mean Square 
3 2 . 142 . · :· . 
3 2 . 7 99 
9 .4·fi> 
1 53 ·. 90 1  
1 6 . 491 
df 
2 5  
8 
2 
1 
1 
13 
Polynom�al 
regres's ion 
Mean Square 
3 2 . 1 42 
3 2 . 7 9 9 
9 .4 8>  
41 .035  
1 5 . 26 8 
1 6 . 491 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
Pig 
Period 
Treatment 
L inear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
L inear 
Quadratic 
Error 
1 14 
TABLE 34 . ANALYSIS OF VARIANCE FOR FECAL 
THREONINE DIGESTIB ILITY (EXP . 1 )  
df 
2 5 
8 
2 
2 
13  
Overal l ana lys is 
of variance 
Mean Square 
48 . 5 81 
5 8 . 482 
40 . 53 8  
1 6 1 . 1 1 1  
26 .413  
df  
25  
8 
2 
1 
1 
13  
Polynomial 
regres s ion 
Mean Square 
48 . 5 81 
5 8 .482 
40 . 53 8  
1 6 7 . 885 
2 14 . 897 
26 . 413  
TABLE 3 5 .  ANALYSIS OF VARIANCE FOR FECAL 
SERINE DIGEST IBILITY (EXP . 1 )  
Overal l ana ly s is Polynomial 
of variance regres s ion 
df Mean Square df Mean Square 
2 5  2 8 . 736 2 5  2 8 .736  
8 2 5 .306 8 2 5 .306 
2 5 .342 2 5 .342 
2 1 89 . 926 
1 26 9 . 1 7 3  
1 .3 16 . 404 
13 9 . 648 13 9 . 648 
TABLE 3 6 . ANALYSIS OF VARIANCE FOR FECAL 
GLUTAMIC ACID DIGESTIBILITY (EXP . 1 )  
df  
2 5  
8 
2 
2 
13 
Overal l ana lys is 
of variance 
· Mean Square 
26 . 1 84  
84 . 7 3 1  
4 .os5 
1 89 • 7 ll 
7 . 508 
df 
25  
8 
2 
1 
1 
13 
Polynomial 
regres s ion 
Mean Square 
26 . 184 
84 . 7 3 1  
4 . 0 55 
27 9 . 849 
3 24 . 93 1  
7 . 508 
Source 
Total 
P ig 
Period 
Treatment 
L inear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Er·ror 
1 1 5  
TABLE 3 7 .  ANALYSIS OF V ARIARCE FOR FECAL 
GLYCINE DIGESTIBILITY (EXP . 1) 
Overal l ana lys is Polynomial 
of  var iance regres s ion 
df Mean Square df Mean Square 
2 5  22 .07 5  2 5  22 . 07 5 
8 4 . 91 1 8 4 . 91 1 
2 2 . 7 54 2 2 . 7 54 
2 1 89 . 629 
1 33 8 . 1 7 7  
1 3 66 . 25 9  
1 3  9 . 83 2  13  9 . 83 2  
TABLE 3 8 . ANALYS IS OF VARIANCE FOR FECAL 
ALANINE DIGESTIB ILITY (EXP . 1 )  
Overal l ana lys is Polynomial 
· Of variance regres s ion 
df Mean Square df Mean Square 
2 5  63 .039 2 5  63 .039  
8 53 . 9 88 8 53 . 9 88 
2 40 . 1 22 2 40 . 1 22 
2 23 7 . 6 94 
1 3 1 . 46 9  
1 5 . 83 9  
13 45 . 264 1 3  45 . 264 
TABLE 3 9 . ANALYSIS OF VARIANCE FOR FECAL 
VALINE DIGESTIBILITY (EXP . 1 )  
Overal l analys is Polynomial 
of  variance regres s ion 
df Mean Square · df Mean Square 
2 5  48 .369 . 2 5  48. 3 6 9  
8 . 48 . 96 9  8 · 48 . 96 9 
2 6 . 1 87 2 6 . 1 87 
·2 1 85 . 843 
1 3 7 . 07 5  
1 1 0 . 90 9  
13 30 . 485 13 3 0 . 485 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
L inear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
1 1 6  
TABLE 40 . ANALYS IS OF VARIANCE FOR FECAL 
ISOLEUCINE DIGESTIB ILITY (EXP . l )  
Overal l analys is 
of variance 
, df Mean Square 
2 5  1 06 .7 93 
8 93 . 91 6  
2 66 . 1 7 2  
2 26 9 .233 
13 95 .97 6  
df 
2 5  
8 
2 
1 
1 
13 
Polynomial 
regres s ion 
Mean Square 
1 06 .7 93 
93 . 91 6  
6 6 . 1 72  
57 . 1 17 
1 7 . 7 5 1  
95.97 6 
TABLE 41 . ANALYSIS OF VARIANCE FOR FECAL 
LEUCINE DIGEST IBILITY (EXP . 1 )  
Overal l analys is Polynomial 
of  variance regres s ion 
df Mean Square df Mean Square 
2 5  3 1 . 51 3  2 5  3 1 . 513 
8 49 . 906 8 49 . 906 
2 9 . 739 2 9 . 7 39 
2 7 1 . 249 
1 26 . 605  
1 1 2 . 2 56  
13 1 7 .43 0  1 3  17 . 43 0  
TABLE 42 . ANALYSIS OF VARIAN� FOR FECAL 
. TYROSINE DIGESTIBILITY (EXP . 1 )  
df 
2 5  
8 
2 
2 
13  
Overal l analys is 
of variance 
Mean Square 
6 83 . 7 89 . . 
56.4 .6 1 8 
1 021 .304 
3 220 � 229  
3 14 . 979 
df 
2 5  
8 
2 
1 
1 
13 
PolynOinial 
regres s ion 
Mean Square . 
6'83 . 7 89 
564 . 6 1 8  
1 02 1 .3 04 
1 90 5 . 87 5  
. 1 09 9 . 872 
3 14 . 979 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
· Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
1 17 
TABLE 43 . ANALYSIS OF VARIANCE FOR FECAL 
PHENYLALANINE DIGESTIBILITY (EXP � 1 )  
Overal l ana lys is Polynomial 
of variance regres s ion 
df Mean Square df Mean Square 
2 5  41 . 425 2 5  41 . 42 5  
8 33 . 977 8 33 . 97 7  
2 57 . 245 2 57 . 245 
2 1 27 . 7 75 
1 44 . 3 56 
1 1 9 . 5 93 
13 3 0 . 2 89 13  3 0 . 289 
TABLE 44 . ANALYSIS OF VARIANCE FO.R FECAL 
LYSINE DIGESTIBILITY (EXP . 1 )  
Overal l ana lysis 
of variance 
df Mean Square 
2 5  96 . 547 
8 1 16 . 6 73 
2 . 264 
2 523 . 7 95 
13 33 . 2 44  
d f  
2 5  
8 
2 
1 
1 
13  
P olynomial 
regres s ion 
Mean Square 
96 . 547 
1 16 . 6 73 
. 264  
17 . 3 46 
7 9 . 007 
33 . 2 44 
TABLE 45 . ANALYS IS OF VARIANCE FOR FECAL 
HISTIDINE DIGEST IBILITY (EXP . 1 )  
Overal l ana lys is 
of variance 
df Mean Square 
2 5  56 . 3 77 . ·  
8 . 87 � 83 1 . 
2 8 . 3 12 
2 1 60 . 424 
13 2 8 . 408 
df  
2 5  
8 
2 
1 
1 
13  
Po lynomial 
regres s ion 
Mean Square 
, · 56 . 3 77 
87 . 83 1  
8 .3 1 2  
1 60 . 885 
1 13 . 7 14 
28 . 408  
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treabnent 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatuaent 
Linear 
Quadratic 
Error 
TABLE 46 . ANALYSIS OF VARIANCE FOR FECAL 
ARGININE DIGESTIBILITY (EXP . l )  
Overal l analys is 
of variance 
df Mean Square 
2 5  7 . 91 4  
8 8 . 663 
2 1 1 . 5 87 
2 2 1 . 926 
13 4 . 733 
df 
2 5  
8 
2 
1 
1 
13  
Polynomial 
regres s ion 
Mean Square 
7 . 914 
8 . 663 
1 1 . 5 87 
8 . 895 
1 4 . 6 54 
4 . 733 
TABLE 47 . ANALYSIS OF VARIANCE FOR FECAL 
NITROGEN DIGESTIBILITY (EXP . 2 )  
Overal l analys is 
of variance 
df Mean Square 
26 26 . 5 90 
8 2 8 . 042 
2 6 . 0 1 8  
2 1 1 . 07 9  
1 4  3 0 . 91 6  
df 
26 
8 
2 
1 
1 
1 4  
Polynomial 
regres s ion 
Mean Square 
26 . 590 
2 8 . 042 
6 .0 1 8  
7 . 741 
4 . 890 
3 0 .91 6  
TABLE 48 . ANALYSIS OF VARIANCE FOR FECAL 
DRY MATTER 'DIGESTIBILITY (EXP . 2) 
Overal l analysis Poly�opt ial 
of variance regres s ion 
df Mean Square df · Mean Square 
26 17 . 745 26 17 . 745 
8 5· . 824 8 5 . 824 
2 2 . 1 29 2 2 . 1 29 
2 . ·2 . 27 8  -
1 . 484 
1 . 1 63 
1 4  2 9 . 005 14 2 9 .005 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
· Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
TABLE 49 . ANALYSIS OF VARIANCE FOR FECAL 
NEUTRAL DETERGENT FIBER DIGESTIBILITY · (EXP . 2) 
Overal l ana lys is Polynomial 
of variance regres s ion 
1 1 9  
df Mean Square df Mean Square 
' 26 
8 
2 
2 
14 
1 97 . 1 34 26 1 97 . 1 34 
73 . 9 97 8 73 . 9 97 
9 . 087 2 9 . 0 87 
248 .492 
2 87 . 026 
1 
1 
14  
23 . 4 94 
2 . 852 
2 87 . 0 26 
TABLE 5 0 .  ANALYSIS OF VARIANCE FOR FECAL 
ACID DETERGENT FIBER DIGESTIBILITY (EXP . 2 )  
Overal l ana lys is Po lynomial 
of variance regres s ion 
df Mean Square df Mean Square 
26 7 86 . 2 99 26 7 86 . 2 99 
8 23 8 . 662 8 23 8 . 6 62 
2 3 5 . 204 2 3 5 . 204 
2 340 1 . 7 7 1  
1 4  83 2 . 824 
1 
1 
14  
852 . 47 1  
. 3 19 . 5 94 
83 2 . 824  
TABLE 5 1 . ANALYSIS OF  VARIANCE FOR FECAL 
CRUDE FIBER 'DIGESTIBILITY (EXP . 2 )  
Overal l analys is 
of variance 
df 
26 
8 
2 
2 
14 
Mean Square 
1 41 3  .451 .· 
3 56 .6 19 
1 3 8 . 1 96 
7 426 . 2 54 
1340 . 564 
df . 
26 
a · 
2 
1 
1 
14 
PolynOID:ial 
regres s ion 
Mean Square 
1413 . 451 
3 56 . 6 1 9  
1 3 8 . 1 96 
' · 
1 895 . 43 2  
7 1 9 . 7 80  
1 340 . 56 4  
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
L inear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
1 20 
TABLE 52 . ANALYSIS OF VARIANCE FOR FECAL 
CELLULOSE DIGESTIB ILITY (EXP . ' 2 )  
Overal l ana ly s is Polynomial 
of variance regres s ion 
df Mean Square df Mean Square 
26 504 . 5 1 2  26 
8 1 48 .341 8 
2 1 5 .327 2 
2 1 667 .464 
1 
1 · 
14 6 1 1 . 7 86 14 
TABLE 53 • ANALYS IS OF VARIANCE FOR FECAL 
LIGNIN DIGESTIBILITY (EXP . 2 )  
5 04 . 5 1 2  
1 48 .341 
1 5 .3 27 
41 0 .0 84 
1 51 . 705  
6 11 . 7 86 
Overal l ana lys is Polynomial 
.of variance regres s ion 
df Mean Square df Mean Square 
26 2037 . 3 09 26 203 7 .309 
8 5 84 .3 95 8 5 84 . 3 95 
2 1 82 . 2 13 2 1 82 . 2 13 
2 1 2524 .006 
1 6 57 7 . 7 1 2  
1 . 3 703 .47 9 
14  1634 .459 14  1634 .459 
TABLE 54.  ANALYSIS OF VARIANCE FOR FECAL 
HEMICELLULOSE DIGESTIB D..ITY (EXP . 2-) 
df 
26 
8 
2 
2 
14 
Overal l analys is Poly�omial 
of varianee 
Mean Square · 
6 8 . 260 . 
· . 6 5 . 646. 
3 9 .605 
. 14 . 23 0  
81 . 565 
df 
26 
8 . 
2 
1 
1 
14 
regres s ion 
Mean Square 
' 6 8·. 260 
65 . 646 
3 9 .605  
1 . 5 97 
. 260 
81 . 565 
Source 
Total 
Pig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
1 21 
TABLE 5 5 . ANALYSIS OF VARIANCE FOR FECAL 
ASH DIGESTIBILITY (EXP . 2) . 
df 
26 
8 
2 
2 
14  
Overal l analys is 
of variance 
Mean Square 
51 . 858  
20 . 170 
99 . 485 
2 8 .337 
66 . 521  
df  
26  
8 
2 
1 
1 • 
14 
Polynomial  
regres s ion 
Mean Square 
51 . 85 8  
20 . 1 70 
9 9 . 485 
. 422 
2 . 94 
66 . 52 1  
TABLE 56 . ANALYSIS OF VARIANCE FOR ILEAL 
NITROGEN DIGESTIBILITY (EXP . 2)  
Overal l ana lys is 
of variance 
df Mean Square 
26 48 . 5 82 
8 65 .426 
2 27 .022 
2 3 6 . 963 
14  43 .696 
df 
26 
8 
2 
1 
1 
1 4  
Polynomial 
regres s ion 
Mean Square 
48. 5 82  
65 . 426 
27 . 022 
. 1 07 
2 . 407 
43 . 6 96 
TABLE 57 . ANALYSIS OF VARIANCE FOR ILEAL 
DRY M4TTER DIGESTIBILITY (EXP .  2 )  
df 
26 
8 
2 
2 
14  
Overal l  ana lys is 
of variance 
Mean Square 
27 . 443 . 
. . 1 2 � 2 95 . 
34 .491 
73 . 749 
2 8 .477  
df ' 
26 . 
8 
2 
1 
1 
1 4  
Polynomial 
regres sion 
Mean Square 
' 27 � 443 
1 2 . 2 95 
34 . 491 
. 0 1 1  
2 . 6 5 8  
2 8 . 47 7  
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
TABLE 5 8 .  ANALYSIS OF VARIANCE FOR ILEAL 
NEUTRAL DETERGENT FIBER DIGESTIB ILITY (EXP . 2 )  
Overal l analysis  Polynom ial 
of variance regres s ion 
1 22 
,df Mean Square df Mean Square 
26 149 .41 6  26 1 49 . 41 6  
8 51 . 6 86 8 5 1 . 6 86 
2 4 .0 80  2 4 .0 80 
2 343 . 522 
14 198 .332 
1 
1 
14  
TABLE 5 9 .  ANALYSIS OF  VARIANCE FOR ILEAL 
ACID DETERGENT FIBER DIGESTIBILITY (EXP •. 2 )  
. 07 1  
1 2 . 0 9 8  
198.332  
Overal l  analys is Polynomial 
of variance regres s ion 
df Mean Square df Mean Square 
26 774 .6 94 26 7 74 . 6 94 
8 90 . 0 52 8 . 90 . 0 52 
2 200 . 26 4  2 2 00 . 264 
2 51 82 . 9 85 
14  6 1 8 . 224 
1 
1 
1 4  
506 . 7 56 
65 . 53 8  
6 1 8 . 224 
TABLE 60 . ANALYSIS OF VARIANCE FOR ILEAL 
CRUDE FIBER DIGESTIBILITY (EXP . 2 )  
Overal l analys is 
of variance 
df 
26 
8 
2 
2 
14 
· Mean Square 
147 9 . 93 2  . . . · 
26 4 . 7 98 
46 1 . 528  
1 0657 � 93 2  
1 00 8 . 6 3 8  
df 
26 
8 
2 
1 
1 
14  
Polyn�ial 
regres s ion 
Mean Square 
141 9 . 93 2  
264 . 7 98 
46 1 . 528 
1 65 9 .4 94 
. 3 66 . 1 85 
1008 . 638 
Source 
Total 
Pig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
· Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
Pig 
Period 
Treatment 
Linear 
Quadratic 
Error 
1 23 
TABLE 6 1 . ANALYSIS OF VARIANCE FOR ILEAL 
CELLULOSE DIGESTIBILITY (EXP . 2 )  
Overal l analys is P olynomial 
of variance r egres s ion 
df Mean Square df Mean Square 
26 6 34 . 845 26 634 . 845 
8 1 1 5 . 290 8 1 1 5 . 2 90  
2 1 91 . 587 2 1 91 . 5 87 
2 3 71 1 . 426 
1 1 22 . 402 
1 1 . 57 8  
14  555 . 544 14  555 . 544 
TABLE 62 . ANALYSIS OF VARIANCE FOR ILEAL 
LIGNIN DIGESTIBILITY (EXP . 2 )  
df 
26 
8 
2 
2 
14  
Overal l analysis  
of variance 
Mean Square 
1 3 83 . 233 
1 55 . 634 
47 7 .340 
9 9 53 . 266  
989 . 840 
TABLE 6 3 • ANALYSIS OF V AR.IANCE 
HEMICELLULOSE DIGESTIBILITY 
Overall ana lys is 
of variance 
df Mean Square 
26 46 .06.8 . 8 . . 46 ·. 41 6  
2 3 5 . 907 
2 7 1 . 849 
14  43 . 637 
df 
26 
8 
2 
1 
1 
1 4  
Polynomial 
regres s ion 
Mean Square 
1 3 83 . 233 
1 55 . 634 
47 7 .3 40 
507 2 . 451 
2 81 8 . 6 89 
989 . 840 
FOR ILEAL 
�EXP . 2 )  
P o  1 yna;uia 1 
r egression 
· df · Mean Square 
26 . , 46 � 06 8 . 
8 46 . 41 6  
2 3 5 . 907 
1 . 263  
1 4 . 920 
14 43 . 6 37 
Source 
Total  
Pig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
1 24 
TABLE 64 . ANALYSIS OF VARIANCE FOR ILEAL 
ASH DIGESTIBILITY (EXP . 2) . 
df 
26 
8 
2 
2 
14 
Overal l analysis 
of variance 
Mean Squa re 
5 4 . 56 1  
22 . 45 9  
300 . 0 91 
6 1 . 840 
36 . 7 90 
df 
26 
8 
2 
1 
1 
14  
Polynomial 
regres s ion 
Mean Square 
54. 56 1  
22 . 459 
3 00 . 0 91 
1 03 .0 50 . 
1 14 . 407 
3 6 . 7 90  
TABLE 6 5 .  ANALYSIS OF V AB.IANCE FOR D..EAL 
ASPARTIC ACID DIGESTIBILITY (EXP . 2)  
Overal l ana lysis Polynomial 
· of variance regres s ion 
df Mean Square df Mean Square 
26 52 . 813  26 52 . 81 3  
8 5 1 . 5 91 8 51 . 5 91 
2 133 . 922 2 1 33 . 922 
2 2 10 .341 
1 1 80 . 274 
1 240 . 3 7 1  
14  1 9 . 421  14  1 9 . 42 1  
TABLE 66 . ANALYSIS OF VARIANCE FOR D..EAL 
THREONINE .DIGESTIB ILITY (EXP . 2 )  
df 
26 
8 
2 
2 
14  
Overal l analys is 
of variance 
· Mean Square· 
41 . 860 · 
· .  3 8 . 93 5  
6 8  . • 1 81. . 
.1 14 .2 5 9  
29 . 43 0  
df 
26 
8 
. 2 
1 
1 
1 4  
Polynomial 
regres s ion 
Mean Square . 
. , ·  41 . 860 
3 8 . 93 5  
6 8 . 1 81 
1 27 . 5 89 
1 59 . 135 
2 9 .43 0  
Source 
Total 
Pig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
1 25 
TABLE 6 7 . ANALYSIS OF VARIANCE FOR ILEAL 
SERINE DIGESTIB ILITY (EXP . 2 ) . 
Overal l analys is Polynomial 
of variance regres s ion 
df Mean Square df Mean Square 
26 3 1 . 53 9  26 3 1 . 53 9  
8 43 . 9 88 8 43 . 9 88 
2 3 5 . 83 1  2 3 5 . 83 1  
2 3 5 . 6 2 1  
1 44 . 0 5 9  
1 53 . 50 1  
1 4  23 . 229 14 23 . 2 2 9  
TABLE 6 8 . ANALYSIS OF VARIANCE FOR ILEAL 
GLUTAMIC ACID DIGESTIBILITY (EXP . 2 ). 
Overal l analys is Polynomial 
of variance regres s ion 
df Mean Square df Mean Square 
26 3 2 . 6 82 26 3 2 . 6 82 
8 43 . 7 67 8 43 . 7 67 
2 5 9 . 555 2 5 9 . 555 
2 77 . 90 
1 48. 849 
1 70 . 47 5  
14 1 6 .049 1 4  1 6 . 049 
TABLE 6 9 . ANALYS IS OF VARIANCE FOR ILEAL 
GLYCINE DIGESTIB ILITY (EXP . 2 )  
Overal l ana lys is PolynOD:J.ial 
of variance regres s ion 
df Mean Square df . Mean Square 
26 50 .374 . 26 - · 50 .-3 74 
8 .3 1 .o 2 52 8 3 1 . 2 52 
2 60 . 9'21  2 60 . 92 1  
2 1 04 . 462 
1 67 . 9 56 
1 97 . 1 23 
14 52 .06 9  1 4  52 . 069 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
'Treatment 
Linear 
Quadratic 
Error 
126 
TABLE 70 . ANALYSIS OF VARIANCE FOR D.EAL 
ALANINE DIGESTIBILITY (EXP . 2 )  
·df 
26 
8 
2 
2 
14  
Overal l analys is 
of variance 
Mean Square 
6 9 .3 64 
62 . 004 
92 . 222 
71 . 674 
df 
26 
8 
2 
1 
1 
14 
Polynomial 
regres s ion 
Mean Square 
69 . 3 64 
62 . 004 
92 . 222 
47 . 91 7  
26 . 853 
71 . 6 74 
TABLE 7 1 . ANALYS IS OF VARIANCE FOR ILEAL 
VALINE DIGESTIBILITY (EXP . 2 )  
Overal l analysis 
of variance 
df Mean Square 
26 92 . 3 23 
8 5 8 . 874 
2 264.3 56 
2 407 . 7 56 
14  41 . 7 99 
df 
26 
8 
2 
1 
1 
14 
Polynanial 
regres s ion 
Mean Square 
92 . 3 23 
5 8� 874 
264 . 3 56 ' 
2 1 . 3 1 1  
. 7 3 . 874 
41 . 7 99 
TABLE 7 2 . ANALYSIS OF VARIANCE FOR ILEAL 
ISOLEUCINE DIGESTIB ILITY (EXP . • 2 )  
Overal l analys is · 
of variance · 
df 
26 
8 
2 
2 · 
14 
· Mean Square 
57 . 9 90 . . 
26 . 673 
247 . 9 8  
1 64 . 668  
33 . 505 
df 
26 
8 
2 
1 
1 
14 
Polync-.ia1 
regres s ion 
Mean Square 
57 . 990 
26 . 673 
247 . 9 8) 
1 . 81 1 
1 . 57 1 
33 . 505  
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
- Error 
TABLE 7 3 .  ANALYSIS OF VARIANCE FOR ILEAL 
LEUCINE DIGESTIBILITY {EXP . 2 )  
1 27 
Overal l analys is 
of variance 
Polynomial 
df 
26 
8 
2 
2 
14  
Mean Square 
3 2 . 97 7  
26 . 949 
101 . 7 91 
87 . 53 6  
1 8 . 798 
df 
26 
8 
2 
1 
1 
14  
regres sion 
Mean Square 
3 2 . 97 7  
26 . 949 
1 01 . 7 91 
. 1 64 
2 . 2 16 
1 8 . 7  98 
TABLE 74. ANALYSIS OF VARIANCE FOR ILEAL 
TYROSINE DIGEST IBILITY (EXP . 2 )  · 
df 
26 
8 
2 
2 
14 
Overal l analy s is 
. of variance 
Mean Square 
105 . 6 86 
87 . 524 
1 20 . 648 
3 8 .092 
1 23 . 5 84 
df 
26 
8 
2 
1 
1 
14  
Po lynomial 
regres s ion 
Mean Square 
105 . 6 86 
87 . 524 
1 20 . 648 
2 1 . 47 6  
3 1 . 847 
1 23 . 5 84  
TABLE 7 5 .  ANALYSIS OF VARIANCE FOR ILEAL 
PHENYLALANINE DIGESTIBILITY (EXP . 2 )  · 
Overal l ana 1ys is Po ly;11omial 
df 
26 
8 
2 
2 
14 
of variance 
Mean Square · 
3 8 . 85' 8  
. 3 5 •  7 87 
86 . 636 . .· 1 1 1 . 41 0  
23 . 46 1  
d£ 
26 
a. 
· 2 
1 
1 
14  
regres sion 
' · 
Mean Square 
. ' 3 8 . 85 8  
3 5 . 7  87 
86 . 636 
4 .0 2 5  
1 6 . 7 7 8  
23 . 46 1  
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
To tal 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Er ror 
1 28 
TABLE 76 . ANALYSIS OF VARIANCE FOR ILEAL 
LYSINE DIGESTIBU.ITY (EXP . 2 )  · 
Overal l ana lys is 
of variance 
df Mean Square 
26 93 . 52 5  
8 1 51 .3 27 
2 77 . 6 5 9  
2 334 . 82 1  
14 2 8 . 291 
df 
26 
8 
2 
1 
1 
14  
Polynomial 
regres s ion 
Mean Square 
93 . 525  
1 51 . 3 27 
77 . 6 5 9  
3 93 . 896 
484 . 6 81 
2 8 . 291 
TABLE 77 . ANALYSIS OF VARIANCE FOR ILEAL 
HISTIDINE DIGESTIB ILITY (EXP . 2)  
Overal l analys is 
of variance 
df Mean Square 
26 50 . 1 87 
8 54 . 6 7 1  
2 9 8 . 26 7  
2 204 . 091 
14 1 8 . 7 70 
df 
26 
8 
2 
1 
1 
1 4  
Polynomial 
regres s ion 
Mean Square 
50 . 1 87 
5 4 . 6 7 1  
9 8 . 26 7  
337 . 41 8  
. 3 75 . 672  
1 8 . 770 
TABLE 7 8 .  ANALYS IS OF VARIANCE FOR ILEAL 
ARGININE DIGESTIB ILITY (EXP . 2 )  
df 
26 
8 
2 
2 
1 4  
Overal l analys is 
· 
of variance 
Mean Square 
36 . 503· : , •  
3 8 . 53 5 . 
7 5 . 00 5  
138 �0 1 8  
1 5 .339 
df . 
26 
a · 
2 
1 
1 
14 
Polyn�ial 
regres s ion 
Mean Square 
. .  , 3 6 � -503 . 
3 8 . 53 5  
7 5 . 00 5  
2 13 . 920 
2 43 . 41 9  
15 .339  
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
TABLE 7 9 .  ANALYSIS OF V AR.IANCE FOR FECAL 
ASPARTIC ACID DIGEST IBU.ITY (ExP . 2 )  
Overal l analys is Polynomial 
of variance · regres s ion 
1 29 
df Mean Square df Mean Square 
26 2 5 . 91 8  26 2 5 . 91 8  
8 2 5 . 3 5 9  8 2 5 . 3 5 9  
2 1 9 . 208 2 1 9 . 208 
2 60 . 646 
14 22 . 234 
TABLE 80 . ANALYSIS OF VARIANCE 
1 
1 · 
1 4  
FOR FECAL 
27 . 1 30  
42 . 7 91 
22 . 234 
THREONINE DIGESTIBILITY (EXP . 2 )  
Overal l analys is Polynomial 
of variance regres sion 
df Mean Square df Mean Square 
26 2 8 . 5 fK) 26 2 8 . 5 fK)  
8 1 9 . 27 3  8 1 9 . 27 3  
2 48. 1 67 2 48. 1 67 
2 5 5 . 070 
1 64 . 3 57 
1 7 9 . 3 28 
14 27 .3 17 1 4  27 . 3 17 
TABLE 81 . ANALYS IS OF VARIANCE FOR FECAL 
SERINE DIGESTIB ILITY <!XP . 2)  
Overal l ana lys is Polynanial 
of variance regres s ion 
df Mean Square ' df ' Mean Square 
26 14 . 97.3: 26 1 4 • 97 3  
8 - . 1 4'. 423 8 .  1 4 . 423 
2 20 . 3 56 2 20 . 3 56 
2 15 . 57 2  
1 6 . 850 
1 1 0 . 854 
14 1 4 . 43 3  1 4  1 4 . 433  
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total · 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
130 
TABLE 82 . ANALYSIS OF VARIANCE FOR FECAL 
GLUTAMIC ACID DIGESTIBILITY (EXP . 2)  
Overal l ana lysis  Polynomial 
of variance regres s ion 
df Mean Square df Mean Square 
26 8 . 0 82 26 8 . 0 82 
8 1 0 .039  8 1 0 .039 
2 13 . 46 8  2 13 . 46 8  
2 8 . 1 40 
1 2 .302 
1 4 . 144 
14 6 . 1 86 14 6 . 1 86 
TABLE 83 . ANALYSIS OF VARIANCE FOR FECAL 
GLYCINE DIGESTIBILITY (EXP . 2 ) . 
Overal l ana lys is Polynomial 
· of variance regres s ion 
df Mean Square df Mean Square 
26 17 .647 26 17 . 647 
8 1 4 . 2 89 8 1 4 . 289 
2 6 . 5 86 2 6 . 5 86 
2 1 0 . 2 51 
1 . 605 
1 1 . 97 9  
1 4  22 . 203 14 2 2 . 203 
TABLE 84 . ANALYSIS OF VARIANCE FOR FECAL 
ALAN INE DIGESTIB ILITY (EXP . 2) 
Overal l analys is Po ly,nomia 1 
of variance regres s ion 
df Mean Squar� · df Mean Square 
26 3 7 . 6 64 . 26 . ' . 3 7 .664 
8 . 27 � 2 48 8· 27 . 248 
2 57 . 53 5  2 57 . 53 5  
2 . 72 . 462  -
1 .227 
1 1 . 5 54 
14 35 . 7 63 14  35 . 7 63 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Tota l 
P ig 
· Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
131  
TABLE 85 . ANALYS IS OF  VARIANCE FOR FECAL 
VALINE DIGESTIB ILITY (EXP . 2 )' 
Overal l analys is 
of variance 
df Mean Square 
26 6 8 .336 
8 16 . 97 6  
2 97 . 854 
2 348 .644 
14 53 .424 
df 
26 
8 
2 
1 
1 
14  
Polynomial 
regres s ion 
Mean Square 
6 8 .336 
1 6 . 97 6  
97 . 854 
8 . 1 65 
43 . 273 
53 . 424 
TABLE 86 . ANALYSIS OF VARIANCE FOR FECAL 
ISoLEUCINE DIGESTIB ILITY (EXP . 2 )  
Overal l analys is Polynomial 
of variance regres s ion 
df Mean Square df Mean Square 
26 40 . 87 1  26 40 . 87 1  
8 22 . 904  8 20 . 904 
2 1 17 .666 2 1 17 . 6 66 
2 70 . 0 87 
1 43 . 1 08 
1 2 5 . 91 7  
14 35 .994 14  35 . 994 
TABLE 87 . ANALYSIS OF VARIANCE FOR FECAL 
LEUCINE DIGESTIBILITY (EXP . 2 )  
df 
26 
8 
2 
2 
14  
Overal l analys is 
of variance 
Mean Square 
20 . 7 3 1 .· . ·  
1 6  . ·6 89 
3 7 . 81 1  
22 . • 9 83  
20 . 2T8 
df 
26 
8 
2 
1 
1 
14  
PolynQmial 
regres s ion 
Mean Square 
·20 . 7 3 1  
16 . 6 89 
3 7 . 81 1  
6 .6 6 1  
2 . 7 52 
20 . 27 8 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadrati c 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
132 
TABLE 88.  ANALYSIS OF VARIANCE FOR FECAL 
TYROSINE DIGEST IB ILITY (EXP . 2) 
Overal l ana lys is Polynomial 
of variance regres s ion 
. df Mean Square df Mean Square 
26 1 6 7 . 9 93 26 1 67 . 9 93 
8 1 57 . 6 92 8 1 57 . 6 92 
2 3 51 .40 2  2 3 51 . 40 2  
2 23 9 . 81 8  
1 1 7 7 . 033 
1 1 14 . 145 
14 137 .41 8  14  1 3 7 . 41 8  
TABLE 89 . ANALYSIS OF VARIANCE FOR FECAL 
PHENYLALANINE DIGESTIB ILITY (EXP . 2 ) · 
Overal l analys is Polynomial 
of variance regres s ion 
df Mean Square df Mean Square 
26 20 . 6 81 26 20 . 6 81 
8 1 9 . 1 08 8 1 9 . 108  
2 47 . 842 2 47 . 842 
2 9 .3 89 
1 .006 
1 . 2 93 
1 4  1 9 . 3 13 14 1 9 .3 13 
TABLE 90 • ANALYSIS OF V AR.IARCE FOR FECAL 
LYSINE DIGESTIB ILITY (EXP • . 2)  
df 
26 
8 
2 
2 
. 14  
Overal l ana lysis  
of variance 
Mean Square 
26 .092. :
. 
16 .474 
22 . 53 1  
1' 09 � 897 
20 . 1 24 
df 
26 
8 
2 
1 
1 
14 
PolynQIIlial 
regr es s ion 
Mean Square 
. '26 . 0 92 
1 6 . 474 
2 2 . 53 1  
. 491 
7 . 889 
20 . 1 24 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Linear 
Quadratic 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Error 
TABLE 91 . ANALYSIS OF VARIANCE FOR FECAL 
HISTIDINE DIGESTIBILITY (EXP ." 2 )  
Overal l analysis 
of variance 
Polynomial 
regres s ion 
133 
df 
26 
8 
2 
2 
Me�n Square 
1 1 . 0 13 
9 .0 1 5  
16 . 3 23 
7 . 533 
df 
26 
8 
2 
Mean Square 
1 1 . 0 13 
9 .0 1 5  
1 6 . 3 23 
14  1 1 . 894 
1 
l 
1 4  
TABLE 92 . ANALYSIS O F  VARIANCE FOR FECAL 
ARGININE DIGESTIBILITY (EXP . 2 )  · 
2 . 9 83  
4 . 866  
1 1 . 894 
Overal l analys is 
. of variance 
Polynomial 
df Mean Square 
26 6 . 639 
8 5 . 7 64 
2 13 .334 
2 1 2 . 809 
14  5 .303 
df 
26 
8 
2 
1 
1 
14  
regres s ion 
Mean Square 
6 . 639 
5 . 7 64 
13 .334 
1 . 498 
3 . 6 6 1  
5 .303 
TABLE 93 . ANALYS IS OF VARIANCE FOR FECAL 
NITROGEN DIGESTIBILITY (EXP . 3 )  
Overal l ana lys is Factor ia l ··analy s is 
of variance of variance 
df Mean Square df Mean Square 
47 6 6 . 504 47 66 . 504 
1 1  84 . 665 1 1  84 . 665 
3 264 . 6 04 " 3 264 . 604 
3 348 . 7" 51 
30 1 1 . 81 0  
1 
1 
3 1  
736 . 4 90  
' · 2 95 . 41 8  
1 1 . 892 
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Error 
TABLE 94.  ANALYSIS OF VARIANCE FOR FECAL 
DRY MATTER DIGEST IBILITY (EXP . J)  
Overal l analysis Fact orial ana lys is 
of variance of · variance 
df . Mean Square df Mean Square 
4 7 5 8 .  82 5 47 5 8 . 82 5 
1 1  5 5 .3 5 8  1 1  5 5 . 3 5 8  
3 1 19 • 86 1 3 1 1 9 • 86 1 
3 503 . 1 42 
3 0  9 . 56 1  
1 
1 
3 1  
1498 . 1 21 
5 . 070 
9 . 454 
TABLE 9 5 . ANALYSIS OF V.AR.IABCE FOR FECAL 
NEUTRAL DETERGENT FIBER DIGESTIBILITY (EXP . 3 )  
Overal l ana lys is Fact or ial ana lysis 
of variance of var iance 
df Mean Square df Mean Square 
47 27 3 . 41 2 47 27 3 . 41 2 
1 1  506 .3 94 1 1  5 06 . 3 94 
3 7 16 . 42 9  3 7 1 6 . 429  
3 3 01 .230 
30 140 .90 2  
1 
1 
3 1  
TABLE 96 . ANALYSIS OF VARIANCE FOR FECAL 
ACID DETERGENT FIBER DIGESTIB ILITY (EXP . · J )  
496 .332 
3 63 . 7 1 5 
137 . 7 65 
Overal l analys is Fact or ial ana lysis 
of variance . of variance 
df Mean Square · df Mean Square 
47 423 .3 95 47 423' �3 95 
1 1  6 9 8 . 1 99 1 1  6 9 8 . 1 9 9  
3 1440 . 3 6 8  3 . 1 440 .3 6 8  
3 1 017 . 503 
30  1 6 1 .526 
1 
1 
3 1  
2 501 . 008 
490 . 7 52 
158 . 275  
134 
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Error 
Source 
Total 
P ig 
Period 
Treatment 
F iber 
Protein 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Error 
TABLE 97 . ANALYSIS OF VARIANCE FOR FECAL 
CELLULOSE DIGESTIB ILITY (EXP • . 3 )  
Overal l analys is Fact or ial ana lysis  
of variance of variance 
df Mean Square df 
47 463 . 6 6 1  47 
1 1  5 90 . 491 1 1  
3 1395 . 267  3 
3 2433 . 488 
1 
1 
3 0  1 27 . 0 13 3 1  
TABLE 9 8. ANALYSIS OF VARIANCE FOR FECAL 
LIGNIN DIGESTIB ILITY (EXP . 3)  
Mean Square 
463 . 6 6 1  
5 90 . 4 91 
1395 . 26 7  
6 894 .491 
3 9 9 . 6 88 
1 23 . 1 1 8  
Overal l analysis Fact or ial analys is  
of variance of variance 
df Mean Square df Mean Square 
47 3 87 . 499 47 3 87 . 499 
1 1  7 2 9 . 903 1 1  ,7 2 9 . 903  
3 693 . 627 3 6 93 .627 
3 334 . 885 
3 0  236 . 600 
1 
1 
3 1  
TABLE 9 9 .  ANALYS IS OF VARIANCE FOR FECAL 
HEMICELLULOSE DIGESTIBILITY (EXP . 3 )  · 
. 489 . 9 85 
4 .6 7 5  
245 .420 
Overal l analy s is Fact or ial analysis  
of variance of variance 
df  Mean Square df Mean Square 
47 3 94 .067 47 3 94 .067 
1 1  452 . 6 17 ' 1 1  452 . 6 17 
3 1 13 . 7 33 3 . 1 13 . 733 
3 700 . 2 51 
3 0  3 70 .013 
1 
1 
31 
82 1 . 3 7 7  
· 349 . 920 
3 88 . 06 0  
135 
S ource 
Total 
P ig 
P eriod 
Treatment 
Fiber 
Protein 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Error 
TABLE 1 00 .  ANALYSIS OF VARIANCE FOR FECAL 
ASH DIGESTIB ILITY (EXP . 3 )  
d f  
4i 
1 1  
3 
3 
3 0  
Overal l analysis  Fact or ia l  ana lysis 
of variance of variance 
Mean Square df Mean Square 
1 97 . 999 47 1 97 . 9 99 
240 . 1 81 1 1  240 . 1 81 
5 96 . 885 3 5 96 . 885 
27 9 . 583 
134 . 486 
1 
1 
3 1  
834 . 334 
2 . 93 0  
130 . 1 96 
TABLE 1 0 1 . ANALYSIS OF VARIANCE FOR n.EAL 
NITROGEN DIGESTIBILITY (EXP . 3 )  
Overal l analysis Fact or ial ana lys is 
of variance of var iance 
df Mean Square df Mean Square 
47 2 1 . 955 47 2 1 . 9 55 
1 1  2 1 . 830  1 1  2 1 . 83 0  
3 2 2 . 65 8  3 2 2 . 6 5 8  . 
3 7 8. 814  
1 3 . 87 6  
1 228 .0 28 
3 0  1 6 .245 3 1  1 5 . 86 7  
TABLE 1 0 2 . ANALYSIS OF VARIANCE FOR ILEAL 
df 
47 
1 1  
3 
3 
30 
DRY MATTER :DIGESTIBILITY 
Overal l analys is 
of variance 
Mean· Square 
3 9 . 5 87 
1 3 . 6 81 
6 .427 
455 . 7 47 • 
1 0 . 7 86 
CExP . 3 )  
Fact or ia l  analys is 
of variance 
· df Mean Square 
47 3 9  .• 5 87 
1 1  13 . 6 81 
3 6 .427 
1 
1 
3 1  
1 3 5 4 . 47 5  
1 0 . 641 
1 0 .507 
136 
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Error 
TABLE 1 03 .  ANALYSIS OF VARIANCE FOR ILEAL 
NEUTRAL DETERGENT FIBER DIGESTIBILITY . (EXP . 3)  
Overal l analys is Fact or ial ana lysis  
of variance of variance 
df Mean Square df Mean Square 
47 81 . 56 3  47 81 . 56 3  
1 1  53 . 6 02 1 1  53 . 602 
3 1 66 .2 27 3 1 66 . 227 
3 140 .0 52 
30 7 7 . 501 
1 
1 
3 1  
TABLE 1 04 .  ANALYS IS OF VARIANCE FOR ILEAL 
ACID DETERGENT FIBER DIGESTIBILITY (EXP • 3 )  
41 8 . 665 
. 9 8)  
7 5 . 0 17 
Overal l analys is Fact or ial ana lysis 
of variance of variance 
df Mean Square df Mean Square 
47 1 22 . 3 57 47 1 22 . 3 57 
1 1  141 . 7 61 1 1  ! '41 . 7 6 1  
3 41 0 . 87 6  3 41 0 . 87 6  
3 1 64 .0 27 
3 0  82 . 224 
1 
1 
3 1  
TABLE 1 05 .  ANALYSIS OF VARIANCE FOR ILEAL 
CELLULOSE DIGESTIBILITY (EXP . 3 )  
3 63 . 1 65 
3 8 . 46 7  
82 . 4 89 
Overal l ana lysis  Fact orial ana lysis  
of variance of variance 
df Me·an Square df Mean Square 
47 26 8 . 133 . 47 26 8'� 133' 
1 1  3 04 . 3 28 1 1  3 04 .3 28 
3 1 80 . 3 24 3 . 1 80 . 3 24 
3 452 . 0 85 ' 
245 . 248 
1 
1 
3 1  
1303 . 7 51 
. 2 .6 89 
23 8 .943 
137  
Sour ce 
Total 
P ig 
Period 
Trea tment 
F iber 
Protein 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Error 
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Error 
TABLE 1 06 .  ANALYSIS OF VARIANCE FOR ILEAL 
LIGNIN DIGESTIBILITY (EXP . 3 )
. 
Overal l analy s is Fact or ial analys is 
of  variance of variance 
df. Mean Square df Mean Square 
47 1 83 . 3 64 47 13 8 .3 64 
1 1  13 8 . 1 60 1 1  1 3 8 . 1 60 
3 732 . 1 32  3 732 . 132  
3 3 8 . 5 5 9  
30  1 59 . 542 
1 
1 
3 1  
40 . 0 5 9  
2 4 . 0 13 
1 56 .060 
TABLE 1 07 . ANALYS IS OF VARIANCE FOR ll.EAL 
HEMICELLULOSE DIGESTIBILITY (EXP . 3)  
Overal l analys is Fact or ial ana lysis  
of  variance of variance 
df Mean Square df Mean Square 
47 641 . 97 5  47 641 . 97 5  
1 1  53 9 • 7 87 1 1  53 9 • 7 87 
3 636 .3 29  3 636 .3 29  
3 3 53 9 . 222 
30  3 90 . 2 84 
1 
1 
3 1  
1 01 90 . 841 
1 9 .076  
3 90 . 847 
TABLE 1 08 . ANALYSIS OF VARIANCE FOR n.EAL 
ASH DIGESTIB ILITY {EXP . 3 )  
df 
47 
1 1  
3 
3 
3 0  
Overal l analys is Fact orial analys is 
of variance .. of variance Mean Square · df Mean Squa re 
6 8 . 5 83 47 6 8� 5 83 
48 . 6 5.2 1 1  4 8 . 6 52 
23 . 1 98 3 23 . 1 9 8  
47 1 . 1 86 ' 
40 . 1 69  
1 
1 
3 1  
1 12 9 . 7 5 9  
2 46 . 1 1 5  
40 . 0 89 
138  
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Fiber * Protein 
Error 
TABLE 1 09 .  ANALYSIS OF VARIANCE �R ILEAL 
ASPARTIC ACID DIGESTIBILITY (EXP . 3) 
Overal l analysis Fact or ial analysis  
of variance of variance 
4f Mean Square df Mean Square 
47 1 5 . 53 0  47 1 5 . 53 0  
1 1  7 .333 1 1  7 .333 
3 2 5 . 2 10 3 2 5 . 1 00 
3 1 8 . 82 8  
3 0  17 . 237  
1 
1 
1 
3 0  
50 . 2 87 
. 6 84 
5 . 5 1 5  
17 . 23 7  
TABLE 1 10 .  ANALYSIS OF VARIANCE FOR - ILEAL 
THREONINE DIGESTIBILITY (EXP . 3 )  
Overal l analys is Fact or ial analys i s  
of - variance of variance 
Source df Mean Square df Mean Square 
Total 47 20 . 632 47 20 . 632  
Pig 1 1  17 . 998  1 1  17 . 99 8  
Period 3 7 . 1 7 5  3 7 . 1 7 5  
Treatment 3 41 . 3 95 
Fiber 1 1 23 . 264 
Protein 1 . 062  
Fiber * Protein 1 . 85 9  
Error 30 20 . 86 7  3 0  20 . 86 7  
TABLE 1 1 1 . ANALYSIS OF VARIANCE FOR ILEAL 
SERINE DIGESTIB ILITY (EXP . 3)  
Overal l analys is Fact or ial ·analys is  
of  variance of variance 
Source df Mean Square df Mean Squa re 
Total 47 2 2 . 659  47 22 . 6 5 9  
Pig 1 1  8 .341 1 1  8 .341 
Period 3 2 2 . 509 . 3 2 2 . 509 
Treatment 3 86 . 9·82 
Fiber 1 1 04 . 1 94 
Protein 1 3 1 . 7 53 
Fiber * Protein 1 1 25 .001  
Error 3 0  2 1 .492 3 0  2 1 .492 
139  
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Fiber * Protein 
Error 
TABLE 1 1 2 .  ANALYS IS OF VARIANCE FOR ILEAL 
GLUTAMIC ACID DIGESTIB ILITY (EXI) . 3 )  
Overal l analy s is Fact or ia l  analysis 
of  variance of variance 
4f Mean Square df Mean Square 
47 8 . 7 90  47 8 . 7 90  
1 1  5 .07 8 1 1  5 . 07 8 
3 21  • 90 1 3 2 1  • 90 1 
3 8 . 26 2  
3 0  8 -. 893 
1 
1 
1 
3 0  
. 3 54 
6 . 645 
1 7 . 7  88 
8 . 893 
TABLE 1 13 .  ANALYSIS OF VARIANCE FOR ILEAL 
GLYCINE DIGESTIBILITY {EXP . 3 )  · 
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Fiber * Protein 
Error 
Overal l analy s is Fact or ial analys is 
of variance of variance 
df Mean Square df Mean Square 
47 42 . 6 7 9  47 42 . 6 7 9  
1 1  24. 633 1 1  2 4 . 633 
3 43 • 91 8 3 43 • 91 8 
3 363 . 404 
30 17 . 0 99 
1 
1 
1 
3 0  
· 1 073 .332 
6 . 5 56 
1 0 .3 23 
17 . 0 9 9  
TABLE 1 14 .  ANALYSIS OF VARIANCE FOR ILEAL 
ALANINE DiGESTIB ILITY (EXP . 3 )  
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Fiber * Protein 
Error 
Overal l analys is 
of variance 
df Mean Square 
47 2 5 . 6 74 
1 1  14 . 5 50 . 
3 2 8 . 5 82  . 
3 3 0 � 622  
30 . 28 . 96 7  
Fact or ial . -ana lysis  
of variance 
df Mean Square 
47 2 ! . 6 74 
1 1  1 4 . 5 50 
3 2 8 . 5 82  
1 . 927 
1 ' · 3 . 702  
1 87 . 237  
30  2 8 . 96 7  
140 
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Fiber * Protein 
Error 
TABLE 1 1 5 .  ANALYSIS OF VARIANCE FOR ILEAL 
VALINE DIGESTIBILITY (EXP . 3)' 
Overal l analy s is Fact or ia l  ana lysis  
of  variance of · variance 
df Mean Square df Mean Square 
47 ' 2 2 . 27 2  47 22 . 27 2  
1 1  14 .637  1 1  1 4 . 63 7  
3 51 .6 95 3 51 . 6 95 
3 6 . 654 
30 23 .691 
1 
1 
1 
3 0  
2 . 91 1  
1 . 527 
1 5 . 527 
23 . 6 91 
TABLE 1 1 6 • ANALYSIS OF VARIANCE FOR ILEAL 
ISOLEUCINE DIGESTIB ILITY (EXP . 3 )  
Source 
Total 
P ig 
·Period 
Treatment 
Fiber 
Protein 
Fiber * Protein 
Error 
Overal l analy s is Fact or ial analys is  
of variance of variance 
df  Mean Square df Mean Square 
47 27 . 0 84 47 27 . 0 84 
1 1  1 9 . 51 6  1 1  1 9 . 51 6  
3 23 . 2 95 3 23 . 2 95 
3 2 1 . 009 
30 30 . 845 
1 
1 
1 
30 
5 . 1 42 
. 00 2  
57 . 882 
3 0 . 845 
TABLE 1 17 . ANALYSIS OF VARIANCE FOR ILEAL 
LEUCINE DIG!:STIB IL ITY ( EXP. 3) 
Source 
Total 
P ig 
Period 
Treatment 
Fiber · 
Protein 
Fiber * Protein 
Error 
Overal l analy s is Fact or ial analys is  
of variance of variance 
df Mean · Square df Mean Square 
47 11 . 200 47 1 1  �·2oo· 
1 1  10 . 85 1  1 1  1 0 . 851  
3 13 . 6 84  3 1 3 . 6 84 
3 4 . 866  
3 0  21 . 1 13 
1 
1 
1 
30  
. 1 04 
· - 1 2 . 51 5  
1 . 9 11)  
21 . 1 13 
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P ig 
Period 
Treatment 
Fiber 
Protein 
Fiber * Protein 
Error 
TABLE 1 1 8 .  ANALYS IS OF VARIANCE FOR ILEAL 
TYROSINE DIGESTIBILITY (EXP . 3) 
Overal l analys is . Factor ia l  analys is 
of variance of variance 
df Mean Square df Mean Square 
47 534 . 549 47 534 . 549 
1 1  345 . 407 1 1  345 . 407 
3 3 19 . 82 8  3 3 19 . 82 8  
3 1 242 .408 
3 0  554.587 
1 
1 
1 
3 0  
81 .458 
3 637 . 820  
7 . 946 
554 .587 
TABLE 1 1 9 . ANALYSIS OF VARIANCE FOR ILEAL 
PHENYLALANINE DIGESTIB D.. ITY (EXP . ·3 )  
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Fiber * Protein 
Error 
Overal l ana lys is Fact or ial ana lys is 
of variance of va riance 
df Mean Square df Mean Square 
47 3 0 .046 47 3 0 .046 
1 1  14 . 13 8  1 1  1 4 . 13 8  
3 2 . 1 7 5  3 2 . 1 7 5  
3 41 . 5 94 
30 3 7 . 51 1  
1 
1 
1 
3 0  
44 . 1 9 8  
. 347 
80 . 23 8  
3 7 . 51 1  
TABLE 1 20 .  ANALYSIS OF VARIANCE FOR ILEAL 
LYS INE DIGESTIBILITY (EXP . 3)  
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Fiber * Protein 
Error 
Overal l analys is Fact or ial �na lysis  
of variance of variance 
df Mean Square df Mean Square 
47 . 42 . 6 16 . . 47 42 . 6 16 ' 
1 1  2 9 . 547 1 1  2 9 . 547 
3 3 6 . 1 1 1 3 3 6 . 1 1 1  
3 1 1 8 � 221  
3 0  40 .498 
1 
1 
1 
3 0  
26 9 . 896 
4 . 83 9  
7 9 . 92 8  
40 .498 
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P ig 
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Fiber * Protein 
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TABLE 1 21 .  ANALYS IS OF VARIANCE FOR ILEAL 
HISTIDINE DIGESTIBILITY (EXP . 3 )  
Overal l analys is Fact or ial ana lysis  
of variance of variance 
df Mean Square df Mean Square 
47' 3 0 . 803 47 3 0 . 803 
1 1  1 5 . 644 1 1  1 5 .644 
3 2 8 . 5 81 3 2 8 . 5 81 
3 1 25 . 287 
3 0  27 . 134 
1 
1 
1 
30  
17 1 . 423 
1 1 2 . 945 
91 . 494 
27 . 1 34 
TABLE 1 22 .  ANALYSIS OF VARIANCE FOR ILEAL 
ARGININE DIGESTIBILITY (EXP . 3 )  
Source 
Total 
Pig 
Period 
Treatment 
Fiber 
Protein 
Fiber * Protein 
Error 
Overal l analys is Fact or ial ana lysis 
of variance of variance 
df Mean Square df Mean Squa re 
47 7 . 87 8  47 7 . 87 8  
1 1  5 . 528  1 1  5 . 52 8  
3 4 . 1 88 3 4 . 1 88 
3 17 . 3 03 
3 0  8 . 1 66 
1 
1 
1 
3 0  
1 . 606 
7 . 7 7 6  
42 . 5 26 
8 . 166  
TABLE 1 23 .  ANALYSIS OF VARIANCE FOR FECAL 
ASPARTIC ACID . DIGESTIBILITY . (EXP . 3 )  - · 
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Fiber * Protein 
Error 
Overal l ana ly s is Fact or ial  ana lysis 
of variance . of variance 
df Me·an · Square df Mean Squa re 
47 3 0 . 6 83  47 3 0 -� 6 83' 
1 1  3 2 . 3 09 1 1  3 2 . 3 09 
3 90 • 7 06 3 90 • 7 06 
3 1 86 . 410 . 
3 0  8 . 51 2  
1 
1 
1 
3 0  
53 5 . 669 
. 3 . 137  
20 . 423 
8 . 51 2 
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P ig 
Period 
Treatment 
Fiber 
Protein 
F iber * Protein 
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TABLE 1 24 .  ANALYSIS OF VARIANCE FOR FECAL 
THREONINE DIGESTIBILITY (EXP . 3 )  
Overal l analys is Factor ial analysis 
of variance of variance  
df Mean Square df  Mean Square 
47 5 5 . 82 1  47 5 5 . 82 1  
1 1  42 . 0 17 1 1  42 . 0 17 
3 17  3 • 82 4 3 1 7 3 • 82 4 
3 3 81 . 2 83 
3 0 16 .53 5  
1 
1 
1 
30 
1 08 8 . 422 
. 2 81 
5 5 . 148 
1 6 . 535 
TABLE 1 25 .  ANALYSIS OF VARIANCE FOR FECAL 
SERINE DIGESTIBILITY (EXP . 3) 
Source 
Total 
P ig 
Period 
Treatment 
F iber 
Protein 
Fiber * Protein 
Error 
Overal l analys is Fact or ial ana lysis 
of variance of variance 
df Mean Square df Mean Square 
47 26 . 51 6  47 . 26 . 51 6  
1 1  2 4 .  7 81 1 1  2 4 .  7 81 
3 5 5  • 86 5 3 5 5  • 86 5 
3 205 . 9 11)  
3 0  6 . 27 1 
1 
1 
1 
30 
5 51 . 944 
40 . 425  
1 9 . 57 1  
6 . 27 1 
TABLE 1 26 • ANALYSIS OF VARIANCE FOR FECAL 
GLUTAMIC ACID DIGESTIBILITY (EXP . 3 )" . 
Overal l analysis Fact orial ana lys is 
of  variance of variance 
144 
Source df Mean Square df Mean Square . 
Total 47 9 . 896 . . 47 9 . 8 96 
P ig 1 1  14 . 1 94 . 1 1  1 4 . 1 94 
Period 3 20 . 977  3 2 0 . 97 7  
Treatment 3 50 . 1 04' 
Fiber - 1 1 48 . 57 9  
Protein 1 1 .330 
Fiber * Protein 1 . 402  
Error 3 0  3 . 191 3 0 3 . 1 91 
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Fiber * Protein 
Error 
TABLE 130 .  ANALYS IS OF VARIANCE FOR FECAL 
ISOLEUCINE DIGESTIBILITY (EXP . 3)  
Overal l ana lys i s  Fact orial ana lysis  
of variance of va riance 
df  · Mean Square d f  Mean Square 
47 6 7 . 4 95 47 6 7 .495 
1 1  5 4 . 43 4  1 1  5 4 . 43 4  
3 41 9 • 87 5 3 41 9 • 87 5 
3 17 9 . 85 5  
3 0  25 . 81 0  
1 
1 
1 
3 0  
3 9 8 . 7 65 
3 7 . 224 
1 03 . 57 6  
2 5 . 81 0  
TABLE 1 3 1 . ANALYS IS OF VARIANCE FO R  FECAL 
LEUCINE DIGESTIBILITY (EXP . 3 )  
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Fiber * Protein 
Error 
Overal l analys is Fact orial ana ly s is 
of variance of variance 
d f  Mean Square df Mean Square 
47 3 6 . 7 54 47 3 6 . 7 54 
1 1  3 5 . 2 89 1 1 3 5 . 2 89 
3 242 . 96 3  3 2 42 . 96 3  
3 7 3 . 1 1 0 
3 0  1 3 . 0 36 
1 
1 
1 
3 0  
1 7 0 .0 27 
4 8 . 80 3  
. 500 
13 .036 
TABLE 1 32 .  ANALYS.IS OF VARIANCE FO R  FECAL 
TYROSINE DIGESTIBUITY (EXP . · 3 )  
Source 
Total 
Pig 
Period 
Treatment 
Fiber 
Protein 
Fiber * Protein 
Error 
Overal l analys is Fact orial ana ly s is 
of variance of variance 
df Mean Square df Mean Square 
47 5 59 . 90 2  47 559 :90 2 . 
1 1  23 2 . 4 96. 1 1  23 2 . 4 96 
3 · 27 69 . 2 2 5  3 27 6 9 . 22 5  
3 3509 . 70 4  
3 0  1 64 .0 3 9  
1 
1 
1 
3 0  
1 25 . 7 45 
9 864 . 4 87 
53 8 .  8 81 
1 64 .03 9 
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Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Fiber * Protein 
Error 
TABLE 133 . ANALYSIS OF VARIANCE FOR FECAL 
PHENYLALANINE DIGESTIB D..ITY (EXP •
. 
3 )  
Overal l analys is Fact or ial ana lys is 
of variance of variance 
df Mean Square df Mean Square 
47' 57 .036 47 57 .036 
1 1  34 .308 1 1  34 . 3 08 
3 446 .080 3 446 .0 80 
3 1 23 .333 
' 3 0  1 9 . 835 
1 
1 
1 
3 0  
1 81 . 002 
42 . 2 44 
1 46 . 7 55 
19 . 835 
TABLE 1 34 .  ANALYS IS OF VARIANCE FOR FECAL 
LYSINE DIGESTIB ILITY (EXP . 3 )  
Overal l analys is Fact or ial  ana lysis 
of variance of variance 
Source df Mean Square df Mean Square 
Total 47 1 12 . 51 6  47 1 1 2 . 516  
P ig 1 1  95 . 86 7  1 1  9 5 . 86 7  
· Period 3 700 . 948 3 700 . 948 
Treatment 3 486 . 892 
Fiber 1 1364 . 3 74 
Protein 1 17 . 5 81 
Fiber * Protein 1 7 8. 72 
Error 3 0  2 2 .340 3 0  2 2 .340 
TABLE 1 3 5 . ANALYSIS OF VARIANCE FOR FECAL 
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Fiber * Protein 
Error 
df 
47 
1 1  
3 
3 
3 0  
HISTIDINE DIGESTIB ILITY 
Overal l analy s is 
of variance 
�an · Square 
7 4 . 2 23 
5 5 . 564  
494 . 421  
2 47 . 940 ' 
2 1 . 6 73 
(EXP . 3)  
Fact or ial •� lys is · 
. of variance 
· dt' Mean Square 
47 7 4 � 223 
1 1  5 5 . 564 
3 . 494 . 421 
1 
1 
1 
3 0  
429 . 3 04 
1 89 . 806 
1 24 . 7 1 1  
2 1 . 673 
1 47 
Source 
Total 
P ig 
Period 
Treatment 
Fiber 
Protein 
Fiber * Protein 
Error 
TABLE 1 36 . ANALYSIS OF VARIANCE FOR FECAL 
ARGININE DIGESTIBlliTY (EXP . 3)  
Overal l ana lysis Fact or ial analysis 
of variance of · variance 
df Mean Square df Mean Square 
47 . 2 9 . 5 1 1  47 2 9 . 5 1 1  
1 1  26 . 1 1 1 1 1  26 . 1 1 1  
3 1 96 .06 1 3 1 96 . 06 1 
3 56 . 7 66 
3 0  1 1 .377  
1 
1 
1 
3 0  
' · 
7 4 . 227 
43 .339  
52 .3 7 1  
1 1 . 3 77 
. .  , ·  
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